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Learning to read involves learning how to connect letters (graphemes) to their 
corresponding sounds (phonemes). The most effective method to teach children these 
grapheme-phoneme mappings is explicit phonics instruction (Ehri, Nunes, Stahl, & 
Willows, 2001). Previous research has shown that most children learn these mappings after 
only few exposures and use this knowledge to decode new words (Cunningham, Perry, 
Stanovich, & Share, 2002; Share, 1999). They gradually build up detailed orthographic 
representations and can directly retrieve whole-word representations from their lexicon 
(Ehri, 2005, 2014; Share, 1995). For children with dyslexia, however, the process of learning 
to read is very effortful and they experience difficulties with developing accurate and/
or fluent word decoding skills (Lyon, Shaywitz, & Shaywitz, 2003). There is an ongoing 
debate on causes for dyslexia, ranging from deficits in forming or retrieving phonological 
representations to deficits in general learning. 
To improve reading abilities in these children, reading interventions have been developed 
targeting reading and reading related skills (Snowling & Hulme, 2011). However, not all 
children with dyslexia benefit to the same extent from these interventions, (Torgesen, 
2000; Savage, Carless, & Erten, 2009), and especially reading efficiency problems have 
been shown to be persistent and difficult to remediate (Compton, Miller, Elleman, 
& Steacy, 2014; Snowling & Hulme, 2011). Little is known about long-term reading 
outcomes and underlying reading processes after children with dyslexia have completed 
an intervention (Suggate, 2016). Therefore, the present dissertation aims to examine word 
reading development in children with dyslexia after they have completed a phonics-
based reading intervention, and to reach a deeper understanding of what determines 
individual differences in reading development both during and after intervention. 
Word reading development
For beginning readers, translating print to meaning is a serial process in which graphemes 
are translated into phonemes according to grapheme-phoneme conversion rules. This 
is referred to as phonological recoding. According to Share (1995, 1999), phonological 
recoding functions as a self-teaching mechanism that allows readers to build up detailed 
orthographic representations. Only when a child can recognize the phonological structure 
in a word and is aware of all phonemes in the pronunciation of the word, the child will 
be able to map each element of the orthographic representation onto the phonological 
representation. Becoming fluent in this phonological recoding process is thus crucial for 
forming detailed orthographic representations (Ehri, 2005; Share, 1995, 2004). When 
children start to build up detailed orthographic representations, they no longer need to 
serially recode each word, but can directly retrieve familiar word meanings from their 
lexicon. As they continue to develop their reading skills and encounter words in different 
contexts, the representations in the lexicon become better specified, allowing readers to 
speed up the reading process (Ehri, 2014). 
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Previous longitudinal studies have shown that reading development is highly stable 
throughout primary school, meaning that initial reading levels are highly predictive of 
subsequent reading development (Eklund, Torppa, Aro, Leppänen, & Lyytinen, 2015; 
Landerl & Wimmer, 2008; Schaars, Segers, & Verhoeven, 2017; Steacy, Kirby, Parilla, & 
Compton, 2014; Verhoeven & van Leeuwe, 2009). In the initial stages of reading acquisition 
reading skills develop very rapidly (Caravolas, Lervåg, Defior, Seidlová Málková, & Hulme, 
2013; Leppänen, Niemi, Aunola, & Nurmi, 2004; Parilla et al., 2005). Towards the end of 
primary school, the speed with which reading develops decreases and eventually levels 
off (Catts, Bridges, Little, & Tomblin, 2008; Parilla et al., 2005; Wei, Blackorby, & Schiller, 
2011). Depending on the transparency of the orthography this is predominantly a matter 
of developing accurate or fluent reading skills. In transparent orthographies, readers 
become very accurate early in reading development and word reading development 
is mostly a matter of becoming a fluent reader (de Jong & van der Leij, 2003; Landerl & 
Wimmer, 2008; Share, 2008; Verhoeven & van Leeuwe, 2009). In opaque orthographies, 
it is more difficult to become accurate and reading development can to a larger extent 
be considered a matter of developing accurate reading skills (Share, 2008). To better 
understand the complexity of the reading process, computational models have explicated 
assumptions that model the way we read. 
Models of single word reading 
Two influential frameworks modelling single word reading are the dual route cascaded 
model of reading (DRC, Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) and the 
parallel distributed processing model (PDP, Harm & Seidenberg, 2004; Plaut, McClelland, 
Seidenberg, & Patterson, 1996). The dual route cascaded model for reading specifies a 
sublexical and a lexical route for single word reading. According to the parallel distributed 
processing model, print is translated into meaning by a division of labour between 
semantic, phonological and orthographic processes (Harm & Seidenberg, 2004; Plaut et al., 
1996). Both models define two different ways to read single words. First, readers convert 
graphemes into phonemes according to orthography specific grapheme-phoneme-
correspondence rules. Within the DRC, this is defined as the sublexical route for reading, 
and within the parallel distributed processing model this is defined as translating print to 
meaning via orthography-to-phonology-to-semantics. Second, words can also be read by 
directly retrieving them from the lexicon. The lexical route contains links to both semantic 
and phonological representations. Via this route whole-word forms are processed in parallel 
and semantic and phonological information can be directly retrieved from the lexicon, or 
as specified within the PDP model, directly translated via orthography-to-semantics.
Although neither framework was developed to model reading development, both 
models have been used within a developmental perspective (Ziegler & Goswami, 
2005). The models predict that initially, beginning readers mostly rely on the sublexical 
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route for reading, or by reading from orthography-to-phonology-to-semantics. When 
readers develop detailed orthographic representations they start to rely more on direct 
retrieval of whole-word representations, or in other words, on lexical reading strategies 
or the orthography-to-semantic route than beginning readers. (Ziegler, Bertrand, Lété, & 
Grainger, 2013). 
Developmental dyslexia
Developmental dyslexia is defined by problems with acquiring accurate and/or fluent 
reading skills (Lyon et al., 2003). It is a neurobiological disorder characterized by slow, 
effortful, or inaccurate reading despite adequate reading instruction and normal 
intelligence (Lyon et al., 2003; Ziegler & Goswami, 2005). The reading problems 
are persistent and last throughout the lifespan, despite extended practice or early 
interventions (Snowling, 2013).  
The deficit not only surfaces in problems with acquiring accurate or fluent word reading 
skills, readers with dyslexia also show difficulties in reading related subskills such as 
phonological awareness, verbal working memory and rapid automatized naming, and 
accurate or fluent phonological recoding (Snowling & Hulme, 2011; Vellutino, Fletcher, 
Snowling, & Scanlon, 2004; Ziegler, Perry, & Zorzi, 2013). Kindergarten measures of 
phonological awareness and rapid naming already predict later reading development. 
On the one hand, better phonological skills before the start of reading instruction are 
associated with later development of better reading skills. More severe phonological 
deficits, on the other hand, are related to development of more severe reading problems 
(Snowling, 2001). Reading related skills as phonological awareness and rapid naming 
skills are better predictors for development of word recognition skills than language skills 
such as vocabulary or syntactic knowledge (Kirby, Desrochers, Roth, & Lai, 2008; Landerl 
et al., 2013; Melby-Lervag, Lyster, & Hulme, 2012; Moll et al., 2014).
Intervention and long-term effects
In order to help children with dyslexia improve their reading skills, over the last decades 
a substantial amount of research has been conducted to develop evidence-based 
reading interventions. This previous research has shown that prerequisite for an effective 
intervention is the systematic and explicit teaching of grapheme-phoneme mappings 
(Snowling & Hulme, 2011). These phonics-based interventions have been found to be the 
most effective compared to other types of interventions (Galuschka, Ise, Krick, & Schulte-
Körne, 2016; Snowling & Hulme, 2011). Even though interventions have been found to 
positively affect reading skills in children with dyslexia, the largest improvements as a 
result of reading interventions are made in word and text reading accuracy measures, 
while reading fluency proves to be much more difficult to remediate. Effect sizes of phonics 
General introduction
11
1
based interventions are small to moderate and children with dyslexia often do not reach 
reading fluency levels within the average range compared to typical readers (Share, 2008; 
Snowling & Hulme, 2011; Torgesen, 2000). Also, an important goal of reading interventions 
is that the improvements made during intervention are long lasting. However, very little 
is known about the word reading development of children with dyslexia in the upper 
primary grades after they have completed their reading intervention. Few studies have 
looked into the reading development of children with dyslexia in the upper primary 
grades, and the few that do have used only large time intervals (see Dandache, Wouters, & 
Ghesquière 2014; Eklund et al., 2015). The studies that do report follow-up measurements 
after intervention showed that effects of interventions are stable or over time, (Morris et al., 
2012; Falth et al, 2013; Wolff, 2011, Suggate, 2016; Tijms, Hoeks, Paulussen-Hoogeboom, 
& Smolenaars 2003), but effects are small (as reported in a meta-analysis by Suggate 
(2016) with Cohen’s d effect sizes around .22). While it has been shown that initial reading 
levels predict response to intervention (Frijters, Lovett, Sevcik, & Morris, 2013; Vellutino, 
Scanlon, Zhang, & Schatschneider, 2008), it is unclear how individual differences in initial 
reading skills and responsiveness to intervention predict long-term reading outcomes in 
children with dyslexia. 
The nature of underlying deficits 
To date, there is still no consensus on causes for the reading difficulties that characterize 
dyslexia, or whether there is even a single cause or multiple causes underlying the deficit. 
Considering the fact that children with dyslexia form a very heterogenic group, it has also 
been claimed that there is no single cause. Instead, multiple factors may lead to problems 
with accurate and/or efficient reading (Pennington, 2006; Peterson, Pennington, & Olson, 
2013; Wolf & Bowers, 1999). According to the multiple deficit theory, shared etiological 
and cognitive risk factors account, not only for differences found within dyslexic readers, 
but also for the co-morbidity with other developmental disorders (Pennington, 2006). The 
debate on causes furthermore varies from domain-specific accounts, such as phonological 
deficits, to domain-general deficient implicit learning mechanisms. From among the 
theories on the causes of dyslexia, two are most relevant for the current thesis: one on an 
underlying phonological deficit and one on an implicit learning deficit. 
As mentioned before, the exact underlying deficits in dyslexia are still debated, but 
it is widely accepted that the problems found in dyslexia are phonological in nature 
(Snowling, 2001; Vellutino et al., 2004). However, there is no consensus about the nature 
of this phonological deficit. Some argue that children with dyslexia fail to form high 
quality phonological representations (Elbro & Jensen, 2005). Others argue that problems 
lie not in the quality, but in difficulties with accessing phonological or orthographic 
representations under difficult task conditions that involve working memory, speeded 
retrieval and conscious awareness (Ramus & Szenkovits, 2008), or that problems lie in 
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fast and effective integration of orthographic and phonological information (Blomert, 
2011). While typical readers gradually build up detailed orthographic representations and 
transfer from sublexical to lexical reading, children with dyslexia have stored less word 
specific orthographic knowledge and seem to have more difficulties transferring from 
sublexical to lexical reading (Van den Broeck & Geudens, 2012; Vellutino et al., 2004). This is, 
for instance, visible in larger increases in reading times as word length increases (Martens 
& de Jong, 2006; Ziegler, Perry, & Coltheart, 2003; Zoccolotti et al., 2005) and smaller 
lexicality effects (e.g. differences between word and pseudoword reading efficiency) than 
in typical readers (Davies, Rodríguez-Ferreiro, Suárez, & Cuetos, 2013; Martelli et al., 2013; 
Ziegler et al., 2003).  
In addition to the domain-specific phonological deficit as underlying cause, it has 
also been proposed that problems with acquiring phonological or orthographic 
representations are due to more domain-general impairments in the procedural 
memory system (Ullman, 2004; Nicolson, Fawcett, Brookes, & Needle, 2010). There are 
two memory systems involved in learning: the procedural and the declarative learning 
system. Declarative learning on the one hand involves fast learning and consolidation 
of facts (semantic memory) and events (episodic memory) (Gabrieli, 1998; Ullman, 2004; 
Ullman & Pierpont, 2005). The declarative memory stores knowledge about words, such 
as phonological representations, meaning and mappings between phonological and 
semantic representations (Ullman, 2016). Procedural learning on the other hand is the 
implicit acquisition, and consolidation of skills (Gabrieli, 1998). Procedural learning can be 
described as the repeated practice and adjustment of a certain skill to such an extent that 
the brain can perform that movement or application of rules without need for feedback. 
After repeated practice the process becomes automatic and unconscious (Ito, 2008). The 
procedural memory system supports language functions that involve rule- or pattern-
based learning and processing (Ullman, 2004, 2016). 
According to Nicolson et al. (2010), children with dyslexia have difficulties with 
automatization of language or motor skills due to a deficient cortico-cerebellar procedural 
learning system. This would lead to impaired awareness of implicit phonological rules 
and would explain phonological impairments associated with dyslexia. They argue that 
learning to read is not just the explicit, declarative, learning of grapheme-phoneme 
mappings, but it requires readers to be able to implicitly learn from print exposure as well. 
Readers first need to be sensitive to orthographic regularities in a language and store 
that information in orthographic representations, and then need to be able to automatize 
direct word retrieval from the lexicon (Castles & Nation, 2006). Having better procedural, 
or implicit, learning skills might be beneficial for learning to read, and being less sensitive 
to implicitly learned rules may lead to more difficulties with becoming a skilled reader. 
Several studies have found a relation between implicit learning and reading skills 
(Hedenius et al., 2013; Howard, Howard, Japikse, & Eden, 2006; Lee & Tomblin, 2014). That 
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is, children with higher reading levels performed better on implicit learning tasks than 
children with lower reading levels. To date, there are many studies that have investigated 
this procedural learning deficit in children and adults with dyslexia by examining implicit 
learning using serial reaction time tasks (first reported by Nissen & Bullemer, 1987). 
However, findings on implicit learning difficulties in children and adults with dyslexia 
are mixed, with some studies that do and others that do not find differences between 
dyslexic and typical readers on implicit learning tasks (Lum et al., 2013; Schmalz, Altoe, & 
Mulatti, 2017). Importantly, no previous studies have investigated implicit learning in a 
longitudinal design, leaving open the question how implicit learning contributes to the 
development of reading skills. 
The present dissertation
Very little is known about the word reading development of children with dyslexia in the 
upper primary grades. By this time they have received an intervention to remediate their 
reading problems, but receive relatively little remediating instruction after this time. In 
the present dissertation, a longitudinal study following reading development of children 
with dyslexia was conducted to examine how they developed after completing a phonics-
based reading intervention. To reach a deeper understanding of what determines growth 
in reading skills in the years following intervention, important precursor measures for 
reading were assessed and underlying reading and learning processes were examined 
in children with dyslexia in the years after they had completed the reading intervention. 
The studies in the present dissertation are all conducted with Dutch children diagnosed 
with dyslexia. In the Netherlands, dyslexia is diagnosed according to a nationally 
standardized protocol (Blomert, 2006). Diagnosis includes measures of word and 
pseudoword reading, assessed by reading efficiency measures (e.g., the number of words 
a child can read correctly in a minute) and spelling. In addition, reading related precursor 
measures of phonological awareness, rapid automatized naming and letter knowledge 
are part of the diagnosis. Finally, a child should score at least within the average range 
on working memory, vocabulary, and IQ measures. After diagnosis, children follow 
an explicit, systematic phonics-based reading intervention according to a nationally 
standardized protocol (e.g., Blomert, 2006; Tilanus, Segers, & Verhoeven, 2016). This 
type of intervention has been shown to be the most effective type of intervention, as it 
includes explicit phonics instruction, is systematic and well-structured (Galuschka et al., 
2016, Snowling & Hulme, 2011).  
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Aims and research questions
To examine the reading development of children with dyslexia compared to typical 
readers and to find out which factors are important for growth in reading skills in the 
upper primary grades, the following research questions were addressed:
1. How do children with dyslexia develop in word and pseudoword reading accuracy 
and efficiency compared to typical readers in the years following completion of a 
phonics-based reading intervention?
2. How are long-term reading outcomes related to underlying reading and learning 
processes?
In order to address the first question, word and pseudoword accuracy and efficiency 
were assessed in children with dyslexia and typical readers in grades 5 and 6 of primary 
school. The second question was addressed in two ways: First, by administering cognitive 
precursors for reading such as phonological awareness, rapid naming and working 
memory. Second, by conducting experimental tasks measuring underlying reading and 
learning processes. 
Outline of the present dissertation
A longitudinal study was conducted to examine how children with dyslexia developed in 
reading skills during and after a highly standardized phonics-based reading intervention. 
For the study in Chapter 2 initial reading skills and growth during intervention were 
investigated as predictors for long-term reading outcomes after the phonics-based 
reading intervention children with dyslexia had received from Grade 2 to Grade 4. 
In Chapter 3 growth in reading skills in children with dyslexia in Grade 5 and 6 of primary 
school was compared to that of typically reading children of the same age. Growth in word 
and pseudoword reading skills in both children with and without dyslexia were modeled, 
as well as predictors for growth in reading skills. Pseudoword reading tests were assessed 
as a reflection of phonological recoding ability. Because readers have never encountered 
the pseudowords that are presented to them and cannot rely on their lexicon for reading 
these words, they still need to serially process single graphemes or clusters of graphemes 
(Wimmer, Mayringer, & Landerl, 2000). 
The next chapters contain studies that aimed to shed more light onto underlying 
processes involved in reading and learning to read. In Chapter 4 a priming study is 
reported examining underlying reading processes in children with dyslexia in Grade 6 
compared to typical readers. Semantic and phonological priming effects were compared 
between children with dyslexia and typical readers and were related to individual reading 
skill. 
In Chapter 5 underlying implicit learning processes were examined in children with and 
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without dyslexia and were related to growth in reading skills and to responsiveness to 
intervention in children with dyslexia. It was investigated how implicit learning skills 
predict reading development in Grade 5 and 6 of primary school in children with dyslexia 
as well as typically reading children of the same age. 
Finally, in Chapter 6 results of the four studies are discussed and implications for further 
research and educational practice are formulated.
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Abstract
The goal of this study was to investigate how growth during a phonics-based intervention, 
as well as reading levels at baseline testing, predicted long-term reading  outcomes of   
children with   dyslexia. Eighty Dutch children with dyslexia who had completed a 50-
week phonics-based intervention in Grade 4 were tested in Grade 5 on both word and 
pseudoword (following regular Dutch orthographic patterns) reading efficiency and 
compared to 93 typical readers. In Grade 5 the children with dyslexia were still significantly 
slower in word and pseudoword reading than their typically developing peers. Results 
showed that long-term pseudoword reading in the group with dyslexia was predicted 
by pseudoword reading at pretest and growth in pseudoword reading during the 
intervention, which was itself predicted by pseudoword reading at pretest. This was not 
the case for word reading. We found that long-term word reading was directly predicted 
from pretest word reading, and indirectly via pretest pseudoword reading, via growth in 
pseudoword and word reading. It can be concluded that pseudoword reading is not only 
a good indicator of severity of reading difficulties in children with dyslexia, it is also an 
indicator of who will profit from intervention in the long-term. 
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Introduction
Learning to read starts with learning to connect graphemes to their corresponding 
phonemes. Initially, children read by single grapheme-to-phoneme translations 
(phonological recoding). After multiple exposures to print, they build up detailed 
orthographic representations, enabling them to recognize words as single units (Share, 
1995). Children with dyslexia experience problems with both phonological recoding and 
forming detailed orthographic representations necessary for whole-word recognition 
(Share, 1995, 1999; van den Broeck & Geudens, 2012). Phonics-based reading interventions 
are aimed at improving phonological recoding and word recognition skills and there is 
evidence that these phonics-based interventions improve reading in children with dyslexia 
immediately after intervention (Galuschka, Ise, Krick, & Schulte-Körne, 2014). However, 
the individual variation in long-term reading outcomes after such interventions is largely 
unknown (Suggate, 2016). Previous studies have shown small improvements between 
the end of intervention and a long-term measurement (Fälth, Gustafson, Tjus, Heimann, 
& Svensson, 2013), but did not report how individual differences in improvements during 
intervention are related to long-term effects (an exception being the study by Morris et 
al. (2012) who examined this for children reading in English, an opaque orthography). 
This leaves the question unanswered who has, in fact, benefitted from the intervention 
enough to be able to further improve without such intensive treatment. Moreover, little 
attention has been paid to the relation between phonological recoding (as measured with 
pseudoword decoding tests) and word recognition (as measured with word decoding 
tests). To reach a better understanding of the ultimate effects of phonics-based reading 
interventions, it is important to know how growth during intervention leads to long-term 
improvements in phonological recoding and word recognition. In the current study, we 
examined how pseudoword and word reading outcomes in children with dyslexia up to a 
year after the intervention were predicted by severity of the initial impairment (reading at 
start) and growth during intervention. 
Becoming accurate and fluent in phonological recoding is crucial for acquiring fluent 
word reading skills. According to Share (1995), phonological recoding functions as a self-
teaching mechanism for building up word specific and general orthographic knowledge. 
Every time a novel word is successfully decoded, the reader acquires more detailed 
word-specific orthographic information. The acquisition of word-specific orthographic 
representations enables fast retrieval of the orthographic representation from memory 
to allow fast word recognition, or sight word reading (Ehri, 2005). Children with dyslexia 
have more difficulties with acquiring phonological recoding skills. They have problems 
with forming detailed orthographic representations that are needed for developing from 
phonological recoding toward direct retrieval of orthographic representations (Share, 
1995, 1999; van den Broeck & Geudens, 2012). This leads to less word specific orthographic 
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knowledge and these children therefore rely more on phonological recoding skills than 
children without reading problems (van den Broeck & Geudens, 2012). As a result children 
with dyslexia show slower, more effortful reading than children without reading problems 
(Ziegler & Goswami, 2005). 
Responsiveness to intervention
To help children with dyslexia to improve their reading skills, phonics-based interventions 
are effective for improving at least accuracy of reading (Galuschka, et al., 2014). These 
systematic phonics interventions focus on the explicit teaching of grapheme-phoneme 
correspondences and training of phonological analysis and blending of printed words 
(Snowling & Hulme, 2011). Although reading interventions have been shown to be 
effective, there is still a substantial number of children who show poor response to 
intervention (Torgesen, 2000). Depending on the definition of poor response and the 
severity of the initial reading problems, the estimation is that about 20 to 40 % of children 
with dyslexia fail to improve their reading skill during intervention (Al Otaiba & Fuchs, 
2002; Torgesen, 2000). Little is known about why some children benefit more than others 
from intervention, and most studies have evaluated treatment success by comparing 
progress to that of typical readers instead of considering within group differences. 
However, Frijters, Lovett, Sevcik, and Morris (2013) found that measuring individual 
growth based on reading scores at several time points during the reading intervention 
as a measure of response to intervention was a more sensitive method to identify 
predictors of treatment success than measures of normalization compared to typical 
readers. Individual growth curves as a measure of growth in reading abilities has been 
used in research on reading development in beginning readers (Compton, 2000; Vellutino 
et al., 1996) and in predicting reading outcomes in children with reading difficulties 
(Frijters, Lovett, Steinback, Wolf, Sevcik, & Morris, 2011; Vellutino, Scanlon, Zhang, & 
Schatschneider, 2008). Vellutino et al. (2008), for example, found that response to an early 
reading intervention for children at risk for reading difficulties, measured by growth in 
word reading skills in first grade, and reading levels at the end of first grade predicted 
reading skills at the end of second and third grade. Poor response to intervention was 
a better predictor of developing reading difficulties than measures of low phonological 
awareness and letter knowledge. Establishing responsiveness to intervention has been a 
successful method in identifying differences in reading outcomes in children with reading 
difficulties, but these studies have not looked at long-term development of children who 
have been diagnosed with dyslexia.  
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Long-term reading outcomes 
While it has been shown that phonics-based interventions lead to short-term 
improvements, only few studies focused on long-term outcomes of reading interventions 
(see Lovett, Barron, & Frijters, 2013; Suggate, 2016). A meta-analysis by Suggate (2016) on 
long-term effects of reading interventions showed that for the 71 interventions in which 
long-term reading outcomes were monitored, effect sizes decreased over time, and that 
only a small effect was maintained in the long-term. Long-term measurements ranged 
from 3 to 48 months (on average 11.7 months). Interventions were more effective for older 
children in general and for children with reading difficulties compared to typical readers 
(regardless of age). Only three of the studies considered in this meta-analysis included 
interventions for children with reading disabilities, the remaining studies included 
children at-risk for reading failure, children with lower reading levels, or typical readers. 
The first study by Morris et al. (2012) that did investigate both short-term and long-term 
reading outcomes of different types of reading interventions in children diagnosed with 
dyslexia, found small improvements on several reading measures for the different reading 
intervention programs at the follow-up a year later compared to the measurement 
directly after the intervention. This was supported by findings of the second study, by 
Fälth et al. (2013) where children with reading difficulties also further improved in both 
word and pseudoword reading a year after intervention compared to directly after the 
intervention. The children were selected by their teachers and scored at least .75 standard 
deviation below the mean on a sight word reading test a year after the intervention. The 
two studies showed that, on average, as a group, children did continue to grow in reading 
skills after intervention, but these studies did not include predictors for long-term reading 
outcomes. In the third study, by Wolff (2011), the prediction of long-term word reading 
skills was investigated for a reading intervention for children with reading difficulties. The 
children were selected on the criteria that they scored one standard deviation below the 
mean on a phonological choice test and a word reading test prior to the intervention. 
There was a stable prediction from initial reading fluency to reading fluency at post-test 
and from reading fluency at post-test to the long-term measurement a year later. The 
few studies that have examined long-term outcomes of reading interventions for children 
with reading difficulties thus show that the children continue to develop their reading 
skills in the year after the intervention. Nevertheless, as shown by Suggate (2016), they do 
not grow faster than their typically developing peers.  
Pseudoword reading was not always taken into account in the reading intervention 
studies examining long-term effects. However, including this measure in the investigation 
of treatment success gives valuable information about the development of phonological 
recoding skills during and after intervention, as pseudoword reading is a more direct 
reflection of how well children can map graphemes to their corresponding phonemes. 
Within dual-route models of reading, this is referred to as processing on a sublexical, or 
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nonlexical, level where letters are processed sequentially and graphemes are mapped 
directly onto their corresponding graphemes (Coltheart, Rastle, Perry, Langdon, & Ziegler, 
2001; Grainger & Ziegler, 2011). Unlike in word recognition, children cannot rely on the 
lexicon to compensate for reading problems during phonological recoding (Wimmer, 
Mayringer, & Landerl, 2000). As argued by Share (1995, 1999), phonological recoding 
must become fluent before children can develop detailed orthographic representations 
needed for word recognition. Key to improve word reading skills might therefore be to 
become fluent in phonological recoding. 
A number of intervention studies have provided evidence that phonics-based treatment 
leads to improvements in word reading (Galuschka et al., 2014), but to our knowledge 
it has not been directly examined how initial phonological recoding abilities, measured 
by pseudoword reading, and growth in phonological recoding skill predict long-term 
improvements in word reading. Although it has been shown that improvements made 
during intervention maintain over time, it is not clear what can explain variation in long-
term reading outcomes in children with dyslexia. To study this, it is essential to not just 
look at normalization compared to controls, but to take individual differences in initial 
reading levels and growth during intervention into account.
Present study 
Therefore the goal of the present study was to examine how long-term reading outcomes 
can be predicted from both growth during the intervention and initial reading scores. 
Two research questions were addressed:  
1) How can long-term reading outcomes of both word and pseudoword reading 
abilities be predicted from the severity of the impairment, reflected by reading 
scores directly before the intervention and growth during the intervention? 
2) How can long-term word reading success be predicted from pseudoword reading 
skills, in addition to the prediction of initial word recognition skills, and is this 
mediated by growth in both pseudoword and word reading? 
For the first research question, the influence of initial reading and growth during the 
intervention on long-term reading outcomes were investigated separately for word and 
pseudoword reading. We expected that although many children remain to have difficulties 
with reading fluency, children who showed more growth during the intervention were 
also the ones with better decoding skills up to a year after the intervention. For the second 
research question, both word and pseudoword reading were combined in one model. 
As becoming fluent in phonological recoding is important for development of word 
recognition skills we expected that pseudoword reading skills before and development 
during the intervention could predict long-term word recognition skills.
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Method
Participants
Eighty children with a clinical diagnosis of developmental dyslexia (46 boys and 34 girls; 
aged M = 10;8 years;months, SD = 0.49 months) who started a standardized reading 
intervention in Grade 2 and completed it in Grade 4 participated in this study. Diagnostics 
in the Netherlands follows a standardized protocol and includes reading and reading 
related (e.g. phonological awareness, rapid naming and letter knowledge) measures 
(Blomert, 2006). In order to receive a diagnosis of dyslexia, children have to score at least 
1.5 SD below the average for their age on Dutch standardized word and pseudoword 
reading measures (respectively M = 3.91, SD = 1.96 and M = 5.18, SD = 1.79 in the current 
sample). They also have to score at least 1.5 SD below average on two out of six Dutch 
standardized tests measuring phonological awareness (deletion and spoonerism), letter 
knowledge (dictation and naming) and rapid naming (letters and digits). A control group 
of 93 children without dyslexia (45 boys and 51 girls) matched on chronological age (M = 
10;5 years;months, SD = 0.47 months), were recruited from five different primary schools. 
The children in the control group had never been referred for diagnostics of dyslexia. Both 
groups had average non-verbal cognitive abilities (dyslexia group: standard score of M = 
98, SD = 9.16 on the Dutch version of the Wechsler Intelligence Scale for Children (WISC-
III-NL, Kort et al., 2005); control group: percentile score of M = 52.79, SD = 30.30 on Raven’s 
progressive matrices (Raven, 1998)). All children lived in the eastern or southern parts 
of the Netherlands and attended Grade 5 in a mainstream school at the time of testing. 
Parental consent was received for all children.
Materials
Reading measures before, during and at the end of the intervention. At the start, during 
and immediately after the intervention reading skills in the children with dyslexia were 
assessed with the Eén-minuut-test [One-minute-test] for word reading (Brus & Voeten, 
1979) and the Klepel for pseudoword reading (Van den Bos, Lutje Spelberg, Scheepstra, 
& de Vries, 1994). These tasks consisted of 116 items each, presented on a card in four 
columns. The child was asked to read as many items as possible within one minute (One-
minute-test) or two minutes (Klepel), as accurately as possible. The score consisted of the 
number of words or pseudowords read correctly. The raw scores for both tests were used 
for the analyses. 
Reading measures in Grade 5. Reading skill in Grade 5 was measured with a more fine-
grained measure of word and pseudoword reading (Verhoeven & Keuning, 2014). As in 
the pseudoword reading task administered during the intervention, the task only included 
pseudowords following regular Dutch orthographic patterns. The test consisted of four 
Chapter 2
28
2
cards for each word or pseudoword type: one-syllable (consonant-vowel-consonant, CVC 
and CCV), and two-, three, and four-syllable words or pseudowords. The first two cards 
consisted of 150 words, the third and fourth card consisted of 120 words. The children 
were asked to read as many words as possible from a card in one minute without making 
any errors. The score consisted of the total number of items read correctly in one minute. 
The scores on each of the cards were converted to z-scores and averaged across the four 
cards resulting in one score for word or pseudoword reading. 
Procedure
The children with dyslexia had received an average of 50 weekly sessions (SD = 3) of 45 
minutes with a clinician and completed homework assignments four times a week. At the 
moment of testing 4.5 to 13.8 months (M = 9.9, SD = 2.2) had passed since the children 
with dyslexia had completed the reading intervention. The intervention followed a direct 
instruction of grapheme-phoneme correspondences (GPC) paradigm and consisted of 
two parts. The first part contained training of consistent GPC rules, in which there is a one 
to one relation between the letter and the speech sound and only one syllable CVC words 
were trained. In the second part of the intervention inconsistent GPC rules were trained, 
more complex CCV syllable structures were introduced and the children were trained to 
recognize the morphological structure of words (recognize affixes in multisyllabic words). 
The sessions were highly structured. Each session started with a recap of the previous 
session. The rest of the session consisted of instruction and practice of a new GPC rule and 
ended with guided reading exercises (for a more detailed description of the intervention 
see Tilanus, Segers, & Verhoeven, 2016). When comparing standard scores before and 
immediately after the intervention, children with dyslexia had significantly improved in 
standard scores on the pseudoword reading test, meaning that they improved more in 
pseudoword reading efficiency than their typically reading peers, F(1, 79) = 13.90, p <.001, 
η2p = .15. Their standard score on the word reading test had not improved significantly, 
F(1,79) = .97, p = .33, η2p = .01, meaning that they had not improved more than typically 
reading peers.
At the follow-up both children with dyslexia and the typically reading children were tested 
individually in a quiet room at their primary school. The measure of non-verbal cognitive 
abilities was assessed group-wise for the control group and was assessed individually for 
the children with dyslexia. Five percent of the children with dyslexia were diagnosed with 
comorbid ADHD, but they did not differ from the other children with dyslexia on reading 
measures. Analyses were conducted with and without this five percent, leading to similar 
results. Therefore, they were included in the analyses. 
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Data analysis
The analyses consisted of two steps. First, response to treatment was established by 
determining individual growth during intervention for each child, using the number of 
intervention sessions as parameterization of time. The scores on word and pseudoword 
reading at pretest as well as the scores of the four evaluation moments during the 
intervention (after 12, 24, 36 and 48 weeks) were used to calculate the individual intercepts 
and slopes with mixed-effects modeling. The regression coefficient (slope) was used as a 
score for treatment response and represented the number of words read more per session. 
The analysis was conducted in R (R Core Team, 2013) using the lme4 package, version 1.1-
7 (Bates, Maechler, Bolker, & Walker, 2014). A maximal random effects structure was used 
for all models (Barr et al., 2013). Likelihood ratio tests within the anova function of the stats 
package were used to compare model fits. Satterthwaite approximations were used to 
calculate p-values within models (Kuznetsova, Brockhoff, & Christensen, 2015).
In the second step, the intercept and slope were added in a series of mediation models 
to examine the prediction of long-term word and pseudoword reading outcomes. The 
mediation analyses were performed using the Process add-on in SPSS (Hayes, 2013). The 
mediation model was chosen to examine whether reading scores at start, and growth 
during intervention separately influenced long-term outcomes, or whether the effect 
of reading scores at start on long-term outcomes was mediated by the growth that 
was made during the intervention. In mediation analyses, it is often assumed that the 
relation between the mediator and predictor variable is causal, but only models in which 
the variables are measured sequentially are most convincing in accounting for a causal 
relation (MacKinnon, Fairchild, & Fritz, 2007). This is a strength of our design: the predictor, 
mediator and outcome variables were measured at different time points. Because of 
variation in time between the end of the intervention and the measurement in Grade 5, 
time since intervention was added as a covariate. Additionally adding age at the start of 
the intervention as a covariate had no significant effect on any of the model parameters. 
Therefore, age was not included in the final model to keep results more clear. Bootstraping 
was set at 5000 cycles and for all analyses standardized coefficients were reported.
Results
Preliminary analyses
Growth in word and pseudoword reading during the intervention was modeled as our 
measure of response to intervention. A linear mixed model with a random intercept and 
random slope was chosen, because visual inspection of the data showed fairly linear 
growth in both word and pseudoword reading. The mean growth over time, fixed and 
random effects are displayed in Table 1. In this model the intercept represents the reading 
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score at the first measurement. The slope represents the mean number of pseudowords 
or words that can be read additionally at each treatment session. The significant t-statistic 
for the fixed effect for intercept and slope mean that these were significantly different 
from zero: overall, children did grow in their word and pseudoword reading skills over 
time. For each of the individual slopes it was also determined whether the growth 
significantly differed from zero. This was the case for 67 out of the 80 children (i.e. 83.75%) 
on pseudoword and 78 out of 80 children (i.e. 97.5%) on word reading growth.
Table 1 | Models of growth in pseudoword and word reading during the intervention
Pseudowords Words
Coefficient SE t Coefficient SE t
Fixed effects
Intercept 15.92 0.62 25.69*** 23.92 0.65 36.53***
Slope 0.28 0.02 15.25*** 0.35 0.02 20.71***
Random effects
Intercept 22.73 4.76 27.21 5.22
Slope 0.02 0.12 0.15 0.12
Residual 13.21 3.63 11.74 3.43
Correlation intercept-slope .15 -.29
*** p <.001
Furthermore, to evaluate how the children with dyslexia performed compared to 
their typically reading peers at the long-term measurement differences in word and 
pseudoword reading were investigated with independent t-tests with Holm-Bonferroni 
correction (Holm, 1979; see Table 2). At the measurement in Grade 5, children with 
dyslexia performed significantly poorer on all reading efficiency measures compared to 
the typical readers. 
Table 2 | Descriptive statistics of long-term word and pseudoword reading for children with (n = 80) and without 
dyslexia (n = 93)
Typical readers Dyslexic readers 
M SD M SD t d
Grade 5 Words 295.17 77.49 168.18 40.98 13.103*** 2.049
Pseudowords 178.58 57.64 86.41 26.20 12.947*** 2.059
*p < .05; **p < .01; ***p <.001
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Effect of reading before intervention and growth during intervention 
To answer the first research question, whether variation in word and pseudoword reading 
one year after the intervention could be predicted from reading scores at the start of the 
intervention and the growth during the intervention a mediation analysis was performed. 
First, Pearson correlations between the reading measures at pretest, the long-term 
measurement and the slopes are displayed in Table 3. 
Table 3 | Pearson correlations between reading scores at pretest, in Grade 5 and slopes of word and pseudoword 
reading for children with dyslexia  (n = 80)
1 2 3 4 5 6
1.Pretest words -
2.Pretest pseudowords .56** -
3.Slope words -.10 .07 -
4.Slope pseudowords .19 .47** .51** -
5.Grade5 words .36** .29* .65** .41** -
6.Grade 5 pseudowords .20 .55** .64** .72** .71** -
*p <.05; **p < .01
The model with long-term pseudoword reading as dependent variable is displayed in 
Figure 1. The total R2 of the model was .57 (p <.001). The direct effect of pseudoword 
reading at pretest on long-term pseudoword reading was significant. The indirect effect of 
pseudoword reading before the intervention via growth during the intervention, was also 
significant, .25(CI = [.15, .40]). Children with higher pseudoword reading scores at pretest 
showed more growth during the intervention and children who showed more growth 
during the intervention had higher scores on the pseudoword reading task at the long-
term measurement. The effect of time since the intervention on long-term pseudoword 
reading outcomes was not significant. 
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2 Figure 1 | Model for predicting long-term pseudoword reading via growth during the reading intervention. 
Between brackets is the total effect; outside brackets is the direct effect.         
 **p < .01; ***p < .001. 
The model with long-term word reading as dependent variable is displayed in Figure 2. 
The total R2 of the model was .67 (p <.001). The direct effect of word reading at pretest 
on long-term word reading was significant. The indirect effect of word reading at pretest 
via growth during the intervention on word reading at the long-term measurement 
was not significant, -.06 (CI = [-.32, .08]). Word reading at the start of the intervention 
did not predict growth during the intervention. The effect of Time since intervention was 
significant. Children who completed the intervention earlier in Grade 4, had higher word 
reading scores in Grade 5. 
Figure 2 | Model for predicting long-term word reading via growth during the reading intervention. Between 
brackets is the total effect; outside brackets is the direct effect.          
**p < .01; ***p < .001. 
Predicting long-term reading outcomes
33
2
Combined word and pseudoword reading effects 
To answer the second research question, both word and pseudoword reading before 
and during the intervention were combined in one model as predictors for long-term 
word reading to examine how phonological recoding (pseudoword reading) and word 
recognition (word reading) skill predicted word reading at the long-term measurement 
and whether this is mediated by growth in pseudoword and word reading during the 
intervention. The model is displayed in Figure 3. The total R2 of the model was .68 (p <.001). 
The direct effects of word reading at pretest and the growth during the intervention 
in word reading (slope) on long-term word reading were significant. For the indirect 
effects, only the indirect sum effect of pseudoword reading at pretest via the slope of 
pseudowords and the slope of words was significant, .22 (CI = [.11, .46]). Time since 
intervention also had a significant effect on long-term word reading outcomes. Children 
with more time between the intervention and the long-term measurement in Grade 5, 
had higher word reading scores. 
Figure 3 | Model for predicting long-term word reading via growth during the reading intervention. Between 
brackets is the total effect; outside brackets is the direct effect.           
*p < .05; **p < .01; ***p < .001. 
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Discussion
The goal of the current study was to examine whether severity of the initial reading 
impairment and growth during a phonics-based reading intervention could predict long-
term pseudoword and word reading outcomes in children with dyslexia. For pseudoword 
reading, initial reading level predicted long-term reading outcomes, as well as growth 
during the intervention. Initial pseudoword reading also directly predicted long-term 
pseudoword reading outcomes. For word reading, initial reading level and growth during 
intervention predicted long-term outcomes, but initial reading was not predictive of 
growth during the intervention. When pseudoword and word reading were combined 
in one model, we found that long-term word reading was predicted by growth in word 
reading, which in turn was predicted by growth in pseudoword reading and initial 
pseudoword reading. Initial word reading directly predicted long-term outcomes. 
With regard to pseudoword reading, we expected that children who showed more growth 
during the intervention were also the ones with better phonological recoding skills up 
to a year after the intervention. This was confirmed by our results. Children with higher 
reading scores before the intervention and children who showed more growth more 
during the intervention ended up with the higher reading scores in the long-term. This 
study showed that next to severity of the reading deficit, there is a separate effect of the 
improvement that is made during the intervention on long-term reading outcomes. This 
finding is in line with previous research on reading outcomes in young children at-risk for 
reading difficulties in which it was emphasized that not only static measures (reading at 
start), but also measures of change (growth during intervention) are predictive of later 
reading outcomes (Compton et al., 2006; Vellutino et al., 2008). 
It might seem evident that children who grow more also end up with higher reading 
outcomes in the end. However, this study shows that for word reading the children who 
grow more during the intervention are not necessarily the ones with higher word reading 
scores at the start of the intervention. This was not in line with our expectations. Word 
reading at the start of the intervention did not predict growth in word reading during the 
intervention. A possible explanation is that the children may have formed a small sight 
vocabulary for short, frequent words. However, such a strategy is not sufficient to develop 
fluent and accurate reading skills for more complex or low frequency words (Grainger 
& Ziegler, 2011). According to Pugh et al. (2010) this compensatory strategy leads to a 
stronger reliance on contextual cues, resulting in more visual or semantic errors. Pugh 
and colleagues argued that this is also visible in neuroimaging data that shows more right 
hemisphere activation during reading in children with dyslexia, instead of a specialized 
left hemisphere reading circuit as found in skilled readers (see also, Shaywitz et al, 1998; 
Démonet, Taylor, & Chaix, 2004). Since we did find that initial pseudoword reading skills 
predicted growth in pseudoword reading during the intervention, it could be that the 
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actual growth in reading skills during this intervention is not in fast word recognition, 
or reading on a lexical level. The improvements that are made are probably mostly on 
a sublexical level. On the sublexical level, phonemes are translated into graphemes by 
a set of grapheme-phoneme conversion rules. On the lexical level, words are directly 
accessed from the lexicon (Castles, 2006; Coltheart et al., 2001). Especially for learning to 
read longer words and words with low frequency, sublexical processing (phonological 
recoding) is the essential first step, before children can form more detailed orthographic 
representations and directly access words via the lexical route (Grainger & Ziegler, 2011; 
Share 1995). 
This is related to the second research question of the present study, whether both 
pseudoword (as a reflection of phonological recoding skills) and word reading combined 
could predict long-term word reading outcomes. The results show that word reading at 
start of the intervention predicted long-term word reading outcomes. Furthermore, there 
was an indirect effect of initial pseudoword reading skills via growth in pseudoword and 
word reading, suggesting that the effect of the intervention is driven by improvements 
in phonological recoding skills. This fits well with models of reading development as the 
self- teaching theory (Share, 1995) or the acquisition of sight word reading (Ehri, 2005). 
According to these theories, development of accurate and fluent phonological recoding 
skills is crucial for development of word recognition skills. During the intervention, 
children with dyslexia received an intensive training in both accuracy and fluency of 
phonological recoding and word recognition. This could have helped them to form more 
detailed orthographic representations, which enabled them to become more fluent in 
word recognition. 
It is important to note that at the long-term measurement up to a year after the 
intervention, children with dyslexia were still significantly behind on both word and 
pseudoword reading fluency compared to typical readers. This is in accordance with a 
number of reading intervention studies that show that reading fluency is more difficult 
to remediate than reading accuracy (Shaywitz, Morris, & Shaywitz, 2008; Snowling & 
Hulme, 2011; Tijms, 2011). The difference between the children with and without dyslexia 
in the number of words read correctly per minute was larger for word reading than for 
pseudoword reading. This has already been shown for children with dyslexia before the 
start of a similar intervention, and after the initial phase (Tilanus, Segers, & Verhoeven, 
2013), and this gap remains larger for word reading than for pseudoword reading, also 
after intervention. The fact that this gap remains bigger for word reading could be 
because even though children with dyslexia improve their word recognition skills during 
intervention, the typical readers also still continue to develop their reading efficiency 
through increasing reading experience. 
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Another important finding was that the time between the end of the intervention in 
Grade 4 and the long-term measurement in Grade 5 also influenced long-term word 
reading outcomes. Age at the start of the intervention did not influence long-term reading 
outcomes. An explanation could be that the children with dyslexia improved their explicit 
knowledge of rules for grapheme-phoneme correspondences due to the intervention 
and this helped them to further develop their word recognition skills in the year after 
the intervention. This is in line with previous findings that children with dyslexia are able 
to learn grapheme-phoneme correspondences, but have difficulty with automatizing 
the integration of grapheme-phoneme correspondences (Blomert, 2011). Automating 
grapheme-phoneme integration is a slow process and is something that might not be 
fully developed during intervention (Tijms, 2011). It could be that in the current study, 
children who completed their intervention earlier in Grade 4 had more time to further 
develop their word recognition skills than children who completed their intervention 
later in Grade 4.  
A limitation of this study was the lack of a control group of children with dyslexia who 
did not receive an intervention. In the Netherlands, all children who are diagnosed with 
dyslexia receive an intervention according to a nationally standardized protocol (Blomert, 
2006). Therefore, it is not possible to form a control group with children with dyslexia 
who receive no intervention or who receive a different type of intervention. However, 
a number of previous studies have already shown that phonics-based interventions are 
more effective than no intervention or other types of interventions in improving reading 
skills in children with dyslexia (Galuschka et al., 2014). Including a control group of 
children with dyslexia following a different type of intervention or a reading matched 
control group of typical readers in future research could provide valuable information 
about the effect of this type of intervention on long-term reading outcomes.  
To conclude, the present study shows that both static scores (reading skills before the 
intervention) and measures of growth (the growth in the number of words that could 
be read correctly at each session) separately influence long-term reading outcomes in 
children with dyslexia. It also shows that phonological recoding skills before the reading 
intervention indirectly predicted long-term word recognition outcomes. It is therefore 
important to take pseudoword reading into account in monitoring reading development 
in children with dyslexia. Many previous studies established that pseudoword reading is 
a good indicator of the severity of reading difficulties in children with dyslexia (Ziegler & 
Goswami, 2005). We found that it is also an indicator of who will profit from intervention 
in the long-term.  
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Abstract
The goal of this study was to examine the post-treatment growth in word and pseudoword 
accuracy and efficiency and its cognitive and linguistic precursors in children with dyslexia 
compared to typical readers in the upper primary grades. Word and pseudoword reading 
accuracy and efficiency and precursor measures were assessed at the start and end of 
Grade 5 and the end of Grade 6. Repeated measures ANOVA revealed that children with 
dyslexia were less accurate than typical readers and showed very little growth in accuracy 
over time. They were also less efficient and showed less growth in reading efficiency 
than typical readers. The children with dyslexia did improve more in word than in 
pseudoword reading efficiency over time. SEM latent growth curve modeling evidenced 
the growth pattern in word and pseudoword reading to be quadratic in typical readers 
and linear in children with dyslexia. Rapid naming predicted growth in word reading 
but not pseudoword reading in both groups. It can be concluded that reading growth 
in the upper grades is primarily a matter of growing efficiency for typical readers but not 
for children with dyslexia who still struggle with accurate reading, even after they had 
received a reading intervention to remediate their reading difficulties, and even while 
reading in a transparent language like Dutch. 
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Introduction
In the initial stages of learning to read, words are mostly read by sequentially connecting 
graphemes to their corresponding phonemes. Later on during reading development, 
there is a shift towards more fluent reading in which children no longer need to read 
familiar words sequentially, but can recognize entire word forms (Ehri, 2005). This shift 
from grapheme-to-phoneme conversions (phonological recoding) to word recognition 
is visible in increasing lexicality effects in reading. Initially the difference between 
phonological recoding—often measured with pseudoword reading tests—and word 
recognition is small, but during the course of reading development, word recognition 
skills increase more than phonological recoding abilities (Caravolas, 2017; Vaessen & 
Blomert, 2010; Zoccolotti, De Luca, Di Filippo, Judica, & Martelli, 2009). While especially 
in transparent orthographies, children become accurate very early in development, the 
process of becoming a more fluent reader continues throughout the primary grades 
(Vaessen & Blomert, 2010, Verhoeven & Van Leeuwe, 2009). Children with dyslexia, however, 
have difficulties with developing both accurate and efficient word and pseudoword 
reading skills (Ziegler, Perry, Ma-Wyatt, Ladner, & Schulte-Körne, 2003). Despite intensive 
reading interventions, they often continue to fall behind typical readers in their reading 
performance (Snowling & Hulme, 2011; Morris et al., 2012). However, previous studies on 
this topic have not taken a longitudinal perspective, and it therefore remains unclear how 
word and pseudoword accuracy and efficiency develop in the upper primary grades, after 
remediation. In the current study, we examined growth in word and pseudoword reading 
in Dutch children with dyslexia and their typically reading peers in the final grades of 
primary school. Moreover, as reading processes change, the contribution of underlying 
skills important for developing fluent reading also change (Moll et al., 2014; Vaessen & 
Blomert, 2010). Therefore, we examined what cognitive and language factors predicted 
growth in word and pseudoword reading efficiency in these final primary school grades.  
Growth in word reading skills in typical readers and children with dyslexia
The development of reading in typical readers is highly stable throughout primary school 
(Eklund, Torppa, Aro, Leppänen, & Lyytinen, 2015; Landerl & Wimmer, 2008; Verhoeven 
& van Leeuwe, 2009; Steacy, Kirby, Parilla, & Compton, 2014), but growth trajectories of 
reading are not linear. In transparent orthographies, typically developing children become 
highly accurate very early in reading development. Reading development in transparent 
orthographies is, therefore, mostly a matter of growth in reading efficiency (Landerl & 
Wimmer, 2008; Verhoeven & van Leeuwe, 2009). Growth in reading efficiency usually 
starts with a steep increase during the initial stages of reading instruction (Caravolas, 
Lervåg, Defior, Seidlová Málková, & Hulme, 2013; Leppänen, Niemi, Aunola, & Nurmi, 
2004; Parilla et al., 2005). Towards the end of primary school, the growth rate decreases 
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and progress in reading efficiency levels off (Catts, Bridges, Little, & Tomblin, 2008; Parilla 
et al., 2005; Wei, Blackorby, & Schiller, 2011). Growth in word and pseudoword reading 
efficiency in typically developing children both follow this pattern, but these skills do not 
develop at the same speed (Caravolas, 2017; Dandache, Wouters, & Ghesquière 2014). 
Strong lexicality effects arise in both opaque and transparent orthographies in the early 
years of reading education, and further increase over grades (Caravolas, 2017). 
Growth in word reading skills in children with dyslexia has been studied less than that 
of typical readers. A number of studies have followed reading in children at-risk for 
dyslexia, or have examined progress during intervention, but it has not been examined 
how children with dyslexia developed after completing their intervention. A small 
number of studies has examined growth in word reading skills of children up to the end 
of primary school, but did not take into account that most children with dyslexia have 
received a reading intervention within this period of time. For instance Dandache et al. 
(2014) examined children with and without dyslexia in grades 1, 3 and 6. They found that 
typical readers overall showed a larger growth than children with dyslexia in both word 
and pseudoword reading efficiency, but do not mention whether children with dyslexia 
had received an intervention. Second, Eklund et al. (2015), who examined reading skills 
in Grades 2, 3 and 8, found that children with dyslexia developed faster than typical 
readers in overall reading efficiency between Grade 2 and Grade 3, but growth no longer 
differed between Grade 3 and Grade 8. According to Eklund et al. (2015), this larger 
growth compared to typical readers between Grade 2 and 3 could have been caused by 
extra instruction children with dyslexia had received during this time. However, although 
Eklund et al. (2015) mention that some of the children with dyslexia in the study received 
extra instruction or remediation, it is not clear if the children in this study received a 
clinical intervention beyond Grade 3. Finally, in a cross-sectional study by Verhoeven and 
Keuning (2017), including children with and without dyslexia across grades 3 to 6, it was 
found that for pseudoword reading efficiency, the difference between typical readers and 
children with dyslexia was larger in the higher grades. With regard to word reading, the 
difference between groups was stable over grades, although children with dyslexia were 
behind on typical readers. 
Predictors for individual differences and growth in reading skills
Previous studies have identified several underlying skills that explain individual 
differences in word and pseudoword reading accuracy and efficiency over the course 
of reading development. Precursors for accurate and efficient word and pseudoword 
reading are phonological awareness and rapid naming, working memory, vocabulary 
and visual attention span (Kirby, Desrochers, Roth, & Lai, 2008; Moll et al., 2014; Suggate, 
Reese, Lenhard, & Schneider, 2014; Ziegler et al., 2010; Bosse, Tainturier, & Valdois, 2007). 
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The effects of these precursors on word and pseudoword reading, however, differ. Rapid 
naming is more strongly related to word reading efficiency, while phonological awareness 
is more strongly related to reading accuracy and to phonological recoding tasks, such as 
pseudoword reading (Kirby et al., 2008; Moll et al., 2014; Vaessen & Blomert, 2010). The 
effects of working memory on individual differences in reading skills did not differ for 
word and pseudoword reading (Melby-Levåg, Lyster, & Hulme, 2012). Vocabulary is more 
strongly related to reading in opaque than in transparent orthographies (Share, 2008; 
Suggate, Reese, Lenhard, & Schneider, 2014; Vaessen & Blomert, 2010; Ziegler et al., 2010). 
This might be because vocabulary can help to disambiguate novel or irregular words. 
Therefore, the influence on reading may be less important for more regular, transparent 
orthographies, and the effect on word reading may decrease with reading experience 
(Ricketts, Nation, & Bishop, 2007; Share, 2008; Verhoeven, van Leeuwe, & Vermeer, 2011). 
A possible predictor for individual differences in word reading skill that has received less 
attention is children’s visual attention span. It is defined as the number of visual elements 
that can be processed in one glance (Bosse, Tainturier, & Valdois, 2007). In the case of 
reading, this refers to the number of orthographic units in a word that can be processed 
simultaneously. Studies have shown that the tasks used to measure visual attention span 
uniquely contribute to the prediction of variation in word and pseudoword accuracy and 
efficiency reading skills, over and above effects of phonological awareness and rapid 
naming skills (van den Boer, van Bergen, & de Jong, 2015; Bosse & Valdois, 2009). 
The relationship of phonological awareness, rapid naming, working memory, vocabulary 
and visual attention span with word and pseudoword reading has also been examined 
for children with dyslexia in several cross-sectional studies. Similarly to typical readers, 
phonological awareness and rapid naming predict individual differences in reading skills 
in children with dyslexia across orthographies (Furnes & Samuelsson, 2010; Landerl et al., 
2013); and small but significant effects on individual differences in reading in children 
with dyslexia were found for verbal working memory, general verbal skills (Landerl., et al., 
2013), and visual attention span (Bosse et al., 2007). Children with dyslexia do score lower 
compared to typical readers on tasks measuring these skills (de Jong & van der Leij, 2003; 
Tilanus, Segers, & Verhoeven, 2013). 
The above research focused on predicting reading ability at a certain point in time. 
Studies modeling the growth of early word reading skills in typical readers up to the end 
of second grade have shown that early growth in reading accuracy was predicted by rapid 
naming, phonological awareness and letter knowledge (Caravolas et al., 2013, Compton, 
2000; Leppänen et al., 2004; Lervåg, Bråten, & Hulme, 2009). In addition to phonological 
awareness skills, Leppänen et al. (2004) also found an effect of visuospatial attention and 
general cognitive abilities on growth in early word reading skills. However, because these 
studies have only looked into growth in first or second grade reading skills, it is not clear if 
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this is still the case during later reading development. To our knowledge, only one study 
modeled growth in reading efficiency skills in children diagnosed with dyslexia. This study 
showed that growth in reading skills from first to sixth grade in children with and without 
dyslexia was predicted by phonological awareness and rapid naming, but it was not 
further investigated whether this differed for both groups or for word and pseudoword 
reading (Dandache et al., 2014). 
Present study
In summary, very few studies have examined growth trajectories in children with 
dyslexia, showing inconsistent findings on the growth in word and pseudoword reading 
skills compared to typical readers. Moreover, none of these studies examined growth 
in reading skills beyond third grade in more detail. Many more studies have examined 
predictors for individual differences in word or pseudoword reading accuracy and 
efficiency, but relatively few have also examined what cognitive and linguistic factors 
explain growth in reading skills. The goal of this study was, therefore, to examine growth 
in word and pseudoword reading accuracy and efficiency in Dutch children with and 
without dyslexia in the upper primary grades, after children with dyslexia had received a 
clinical reading intervention. In the Netherlands, the diagnosis and treatment of dyslexia 
is highly standardized. Diagnosis of dyslexia follows a nationally standardized protocol 
(Blomert, 2006) and all children with dyslexia receive a systematic, phonics-based 
reading intervention by a clinician. This type of intervention has been shown to be the 
most effective treatment for reading problems found in children with dyslexia (Snowling 
& Hulme, 2011). Previous research has shown that during this phonics-based clinical 
intervention children with dyslexia made more progress in pseudoword reading accuracy 
and efficiency than typical readers (Tilanus, Segers, & Verhoeven, 2016). This consistency 
in diagnosis and treatment provides a strong basis for a study examining post-treatment 
reading development. The goal of the present study was to examine in more detail how 
children with dyslexia develop after this time compared to typical readers, rather than to 
examine the specific effects of this intervention. 
The first question that was addressed was: How do children with and without dyslexia 
develop their word and pseudoword reading accuracy and efficiency skills from the start 
to the end of Grade 5, and to the end of Grade 6? The children with dyslexia were expected 
to start out with lower reading skills, despite the intervention they had received the years 
before the current study started in Grade 5. Because Dutch is a transparent orthography, 
reading accuracy was expected to be close to ceiling for typical readers and very high for 
word reading skills in children with dyslexia.
The second goal was to examine what underlying cognitive and language factors 
predicted growth in word and pseudoword reading efficiency in the final two years of 
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primary school in both children with and without dyslexia. The second question that 
was addressed was: What cognitive and language factors predict growth in word and 
pseudoword reading skills in children with dyslexia and typical readers from Grade 5 to 
the end of Grade 6? 
It was expected that phonological awareness, rapid naming, working memory, vocabulary 
and visual attention span would predict individual differences in reading skills in typical 
readers and in children with dyslexia. It is less clear what precursor measures would 
predict growth in reading skills. Based on the previous study modeling growth in children 
with and without dyslexia by Dandache et al. (2014), it was expected that phonological 
awareness and rapid naming would predict growth in reading skill, but since group 
differences were not examined, it is not clear whether this would be the same for children 
with and without dyslexia. 
Method
Participants
At the start, 96 typical readers (aged M= 10;5 years;months, SD = 0.47 months) from five 
Dutch primary schools and 80 children with dyslexia (aged M = 10;8 years;months, SD = 
0.49 months) from 65 Dutch primary schools participated in the study. Parents had given 
informed consent for participation of their child in this study. The study was approved by 
the institution’s ethics committee and was part of a larger longitudinal study on reading 
development of children with and without dyslexia in primary school (van der Kleij, 
Segers, Groen, & Verhoeven, 2016). At the final moment of testing at the end of Grade 6, 
five children had transferred to a different school and could no longer participate (three 
typical readers, two children with dyslexia). Of this group, one typical reader had already 
moved before the second measurement and was excluded from all analyses. Three 
children from the control group of typical readers were diagnosed with dyslexia during 
their participation in the longitudinal study and were therefore excluded from all analyses 
as well. 
Diagnostics of dyslexia followed a nationally standardized protocol (Blomert, 2006). In 
order to be diagnosed with dyslexia, children had scored within the lowest 10% on word 
and pseudoword reading efficiency and within the lowest 10% on two out of six tasks 
that measured phonological awareness, rapid naming and letter knowledge. All children 
with dyslexia were diagnosed at the end of Grade 2 and had completed a phonics-based 
clinical reading intervention in Grade 4.  They did not receive extra treatment at the 
moment of testing.
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The intervention was phonics-based and consisted of 50 sessions of 45 minutes with a 
clinician. During the first 12 sessions the intervention focused on learning grapheme-
phoneme correspondences and applying these in word decoding and spelling. During the 
rest of the sessions the focus was on repetition of what was learned in previous sessions, 
and on text reading and speeded reading exercises. The intervention also included daily 
homework assignments for reading and spelling (see Tilanus, Segers, & Verhoeven (2016). 
Materials
Word and pseudoword reading were measured with a standardized reading task (Verhoeven & 
Keuning, 2017). The task consisted of four cards of either words or pseudowords, containing 
150 CVC, 150 CCV, 120 2-syllable and 120 3- or 4-syllable (pseudo)words, respectively. For 
each card, children were instructed to read as many (pseudo)words as possible in one 
minute, without making any errors. The reading efficiency score used for the analyses were 
the number of items read correctly averaged over all four cards. Reading accuracy was the 
percentage correctly read words or pseudowords averaged over the four cards. Cronbach’s 
alpha reliabilities for the four word reading cards are .96, .95, .96, and .96; and for the 
pseudoword reading cards .96, .96, .97, and .93 respectively (Verhoeven & Keuning, 2017). 
Phonological awareness was measured with the subtests deletion and spoonerism of the 
Dyslexia Screening Test-NL (Dutch version, Kort et al., 2005). The deletion task consisted 
of 12 items for which children were asked to repeat the word and leave out a specific 
phoneme. The spoonerism task consisted of 11 items. Children were asked to switch the first 
phoneme of a first name and a last name. For each subtest the score used in the analyses 
was the number of correct items. Test-retest reliability is .52 for the deletion and .60 for the 
spoonerism subtest (Kort et al., 2005). 
Rapid naming was measured with two subtests: letters and digits (Continue Benoemen & 
Woorden Lezen [Continuous Naming & Word Reading], van den Bos & Lutje Spelberg, 2010). 
Both tests consisted of five rows of 10 items. Children were asked to name the letters or 
digits as fast and accurately as possible. For each subtest the score was the time in seconds 
to name all 50 items. Test-retest reliability of both subtests are .82 and .84 respectively (van 
den Bos & Lutje Spelberg, 2010). 
Verbal working memory was measured with the digit span forward and backward of the 
Wechsler Intelligence Scale for Children-III-NL (WISC-III-NL, Dutch version, Kort et al., 2005a). 
Children were asked to repeat a series of digits in the same (forward) or reversed (backward) 
order. The digit span forward consisted of eight series of digits and the digit span backward 
of seven series of digits increasing in length, with two attempts at each length. The task was 
discontinued if the child failed to repeat both attempts correctly. For each subtest the score 
was the total of correctly repeated items. Cronbach’s alpha of the digit span task is .57 (Kort 
et al., 2005a). 
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Vocabulary was measured with the subtest ‘Woordkennis’ [Word knowledge] of the WISC-
III-NL (Kort et al., 2005a). The task consisted of 35 items. Children were asked to describe 
the meaning of the word that was presented to them verbally. The response was scored 
with two (correct), one (correct, but incomplete) or zero points (incorrect). The items 
increased in difficulty and the task was discontinued when the child received zero points 
for four consecutive items. The raw score used for analyses reflected the active vocabulary 
of the participants. Cronbach’s alpha of this subtest is .79 (Kort et al., 2005a). 
Visual attention span was measured with an experimental task by Valdois et al., (2003). The 
task consisted of five-letter strings composed of ten different consonants (B, D, F, H, L, M, 
P, R, S, T). The letters strings were presented for 200ms on a laptop screen. Each consonant 
was presented twice in each letter position. For each of the letter strings children were 
asked to repeat as many letters as possible. The task consisted of 20 items and the score 
was the total number of letters across items that were repeated correctly (regardless of 
whether the letters were repeated in the correct order). Van den Boer, van Bergen, & de 
Jong reported Cronbach’s alpha in Dutch children between 9 and 11 years-old to be .76 
and .77 for uneven and even items respectively. 
Procedure
Children were individually tested at their primary school on three occasions: at the start 
and end of Grade 5, and at the end of Grade 6. The phonological awareness, rapid naming, 
vocabulary, working memory, and visual attention span measures were administered 
during the first measurement at the beginning of Grade 5. The reading measures were 
administered at all three time points. The tests were administered in a fixed order in two 
30-45 minute sessions. 
Data analysis
To answer the first question, Repeated Measures ANOVA were performed to test the 
difference in progress between children with dyslexia and typical readers. To answer the 
second question, latent growth curve modeling was used to model the growth trajectories 
of reading efficiency in both groups, using maximum likelihood estimation in the lavaan 
package (Rosseel, 2012) in R (R Core Team, 2013). Missings were handled with full 
information maximum likelihood estimation. The goodness-of-fit of the growth models 
was evaluated with the Chi-square statistic (χ2), root mean square error of approximation 
(RMSEA), the comparative fit index (CFI), Tucker Lewis Index (TLI) and root mean square 
residual (RMSR). The criteria for a well-fitting model were: RMSEA <.06, the CFI and TLI 
>.96, and the SRMR <.08, and a non-significant χ2 value (Hu & Bentler, 1999). For model 
comparisons χ2-difference was tested using the anova function of the stats package. Only 
reading efficiency was modeled, because accuracy scores of the typical readers were 
expected to be close to ceiling. 
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The model included an intercept, representing initial word or pseudoword reading 
scores at the start of Grade 5, and a slope, representing the growth in reading scores 
from the start of Grade 5, via the end of Grade 5, to the end of Grade 6. Because the time 
period between measurement 1 and 2 was shorter than between time 2 and 3, this was 
controlled for in the calculation of the slope. Measures of phonological awareness, rapid 
naming, working memory, visual attention span and vocabulary were added as predictors 
for initial reading and growth in reading skills (Figure 1). All scores were converted to a 
similar scale, by calculating a proportion of maximum score for all variables. Phonological 
awareness, rapid naming and working memory were added as latent variables, because 
multiple tests were used to measure these constructs. However, the working memory 
subtests could not be added as a latent variable, because the scores on the subtests did 
not correlate for the children with dyslexia (r = -.07, p =.52). Therefore in the final model 
only the digit span backwards task was added as a measure for working memory, because 
this was considered to be a better reflection of working memory capacity than the digit 
span forward.
Figure 1 | Growth model for reading development in Grade 5 and 6. Circles represent latent constructs, squares 
represent single measurements. 
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Results
The descriptive statistics for the reading, and precursor measures in Grade 5 and 6 of 
children with dyslexia and their typically reading peers are displayed in Table 1. At all three 
measurements, the children with dyslexia read fewer words and pseudowords correctly 
within one minute and were less accurate than their typically reading peers. Considering 
the large differences in reading accuracy scores between both groups, the distribution of 
word and pseudoword accuracy scores were further explored with density plots (Figure 2). 
The density plots show that there are large variances in pseudoword accuracy scores within 
the group of children with dyslexia. At the end of Grade 6 the mean percentage correct is 
still below 80%. Moreover, the pseudoword reading accuracy scores of the children with 
dyslexia only show overlap with pseudoword reading accuracy scores of the typical readers 
at the lower end of the distribution. At the start of Grade 5, children with dyslexia also scored 
lower on all cognitive and language tasks compared to the typical readers.
Table 1 | Descriptive statistics of precursor (Grade 5) and reading (Grade 5 and 6) measures 
   Typical readers Children with dyslexia
  n M(SD) n M(SD) d
Precursor measures (T1 start Grade 5) 92 80
Phonological awareness deletion 10.41(1.19) 8.93(1.59) 1.05***
spoonerism 7.90(2.55) 3.91(2.63) 1.54***
Rapid Naming digits 24.51(5.21) 30.20(6.25) 0.99***
letters 25.31(5.90) 32.43(8.26) 0.99***
Working memory forward 8.08(1.77) 6.63(1.22) 0.95*
backward 4.73(1.76) 3.96(1.16) 0.51**
Vocabulary 34.51(5.67) 32.54(4.74) 0.38*
Visual attention span 77.74(13.72) 63.45(11.74) 1.12***
Reading measures
T1 start Grade 5 92 80
Words Efficiency 74.36(19.04) 42.05(10.25) 2.11***
Accuracy 96.63(3.46) 88.36(7.22) 1.46***
Pseudowords Efficiency 45.05(14.29) 21.60(6.55) 2.11***
Accuracy 86.55(9.47) 70.23(11.25) 1.57***
T2 end Grade 5 92 80
Words Efficiency 81.66(17.70) 47.01(11.87) 2.30***
Accuracy 97.44(2.50) 90.06(6.24) 1.55***
Pseudowords Efficiency 51.25(14.98) 24.71(7.56) 2.24***
Accuracy 90.19(7.18) 74.51(11.17) 1.67***
T3 end Grade 6 90 78
Words Efficiency 88.37(18.98) 53.17(12.44) 2.19***
Accuracy 98.25(2.72) 92.22(6.15) 1.27***
Pseudowords Efficiency 57.06(15.82) 28.77(9.05) 2.20***
Accuracy 93.05(7.82) 78.15(11.88) 1.48***
*p <.05, **p <.01, ***p<.001
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3 Figure 2 | Density plots of reading accuracy for Words and Pseudowords in children with dyslexia (Dys) and typical readers (TR). Scores are the mean accuracy scores over the three measurements. 
Reading accuracy 
Reading accuracy development was examined in a Repeated Measures ANOVA with Time 
(start Grade 5, end Grade 5, and end Grade 6) and Lexicality (words, pseudowords) as 
within-subjects factor and Group (typical readers, children with dyslexia) as between-
subjects factor. The development of word and pseudoword reading efficiency and 
accuracy is displayed in Figure 3. The main effects for Time, F(2, 159) = 85.91, p <.001, 
η2p = .35, Lexicality, F(2, 160) = 611.48, p <.001, η
2
p = .79, and Group, F(1, 160) = 124.80, p 
<.001, η2p = .44, were significant, as were the interactions between Time x Lexicality, and 
Lexicality x Group. The interaction between Time x Lexicality, F(2, 159) = 28.63, p <.001, 
η2p = .15, indicated that, overall, the groups improved more on pseudoword reading 
accuracy than on word reading accuracy, t(167) = -7.52, p <.001, d = 0.79. The significant 
interaction between Lexicality x Group, F(1, 160) = 75.24, p <.001, η2p = .32, indicated that 
the difference between word and pseudoword reading accuracy was larger for children 
with dyslexia (M = 15.96, SD = 6.64) than for typical readers (M = 7.58, SD = 5.31), t(147.02) 
= -8.95,  p <.001, d = 1.39. The interactions between Time x Group F(2, 159) = 2.43, p = .09, 
η2p = .02 and between Time x Lexicality x Group were not significant, F(2, 159) = 0.68, p = 
.51, η2p = .004. 
Post-treatment reading development
53
3
Reading efficiency 
To examine reading efficiency development of children with and without dyslexia, a 
Repeated Measures ANOVA was performed with Time (start Grade 5, end Grade 5 and 
end Grade 6) and Lexicality (words, pseudowords) as within-subjects factor, and Group 
(typical readers, children with dyslexia) as between-subjects factor. The assumption of 
sphericity was violated for Time, therefore Greenhouse-Geiser corrections are reported, 
χ2(2) = 8.32, p = .02. The main effects for Time, F(1.91, 164) = 309.53, p <.001, η2p = .65, 
Lexicality, F(1, 165) = 2185.69, p <.001, η2p = .93, and Group, F(1, 165) = 206.30, p <.001, 
η2p = .57, were all significant, as were all two-way interactions between these variables. 
The significant interactions between Time x Group, F(1.91, 164) = 10.44, p <.001, η2p = .06 
and Time x Lexicality, F(1.99, 164) = 13.05, p <.001, η2p = .07 indicated that typical readers 
showed more growth in reading efficiency than children with dyslexia, t(165) = 4.15, p < 
.001, d  = 0.65 and that the overall growth was larger for word reading than for pseudoword 
reading, t(167) = 5.01, p <.001, d = 0.37. The interaction between Lexicality x Group was 
also significant, F(1, 165) = 49.39, p <.001, η2p = .23, indicating that the difference between 
the number of words and pseudowords read correctly within one minute was larger for 
typical readers (M = 91.01, SD = 21.71), than for children with dyslexia (M = 67.25, SD = 
21.97), t(165) = 7.02, p <.001, d = 1.08. The interaction between Time x Lexicality x Group 
was not significant, F(1.99, 164) = 1.62, p = .20, η2p = .01.
Figure 3 | Reading accuracy (percentage correct; left panel) and efficiency (proportion of maximum, range 
0-100; right panel) for Words and Pseudowords across development in Grade 5 and 6 for typical readers (TR) and 
children with dyslexia (Dys). Error bars represent standard errors of the mean.
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Modeling the prediction of growth in reading efficiency 
To examine what cognitive or language skills predicted growth in reading efficiency skills 
in children with and without dyslexia, separate latent-growth models were constructed 
for growth in word and growth in pseudoword reading efficiency. Due to lack of configural 
invariance, χ2 (24, n = 168) = 42.17, p = .01, CFI = .98, TLI = .96, RMSEA = .095, CI = [.04, .14], 
SRMR = .06), the groups of children with dyslexia and typical readers were not compared 
within a single model (van de Schoot Lugtig, & Hox, 2012). Therefore separate growth 
models were fitted for the typical readers and the children with dyslexia. The standardized 
regression coefficients of the final models for word and pseudoword reading are displayed 
in Table 2.
Word reading efficiency
First, a model was fitted for the growth in word reading skills in typically reading children. All 
predictors were added to the model starting with rapid naming, phonological awareness, 
working memory, vocabulary, and visual attention span. A quadratic slope was added, 
because growth in word reading was expected to decline at the end of primary school. 
Hierarchical testing showed that adding vocabulary as a predictor did not significantly 
improve the model fit, ∆χ2(7)  = 10.51, p = .17; therefore, vocabulary was not included in 
the final model. Correlations between the reading and precursor measures are displayed 
in Table 3. The final model fitted the data very well, χ2 (9, n = 92) = 5.76, p = .76, CFI = 1.00, 
TLI = 1.03, RMSEA = .00, CI = [.00, .08], SRMR = .04). 
The correlation between the intercept and slope was negative, meaning that, overall, 
children with lower word reading scores showed more growth than children with higher 
word reading scores. The quadratic slope indicated that growth started to decline in 
these final grades of primary school. As can be seen in Table 2, initial word reading skills 
were predicted by rapid naming, phonological awareness and visual attention span. 
Growth in word reading skills was only predicted by rapid naming. The positive relation 
between rapid naming and the linear slope indicated that children who were slower at 
rapid naming still showed more linear growth in word reading skills. The negative relation 
between rapid naming and the quadratic term indicated that growth in word reading 
skills declined more for children with faster rapid naming scores than for children with 
slower rapid naming scores. 
Second, the shape of growth of word recognition skills in children with dyslexia was 
modeled by fitting both a linear and a quadratic model. Hierarchical testing showed that 
a model with a quadratic slope did not fit the data better than a linear model, ∆χ2(5) = 4.57, 
p = 1. Moreover, hierarchical testing showed that vocabulary did not significantly add to 
the model fit, ∆χ2(9) = 16.32, p = .06. The linear model without vocabulary fitted the data 
very well, χ2 (22, n = 80) = 26.12, p = .25, CFI = .98, TLI = .98, RMSEA = .05, CI = [.00, .11], 
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SRMR = .07). Contrary to the typical readers, initial word reading skills were only predicted 
by rapid naming. As in the typical readers, rapid naming significantly predicted growth in 
word reading skills. Children with faster rapid naming times showed more growth in word 
reading skills than children with slower rapid naming times. 
Pseudoword reading efficiency
Second, a model was fitted for growth in pseudoword reading skills. As for word reading, 
the model for the typical readers included a quadratic slope and phonological awareness, 
rapid naming, working memory and visual attention span as predictors for initial scores 
and growth in pseudoword reading. This model fitted the data very well, χ2 (12, n = 
92) = 8.10, p = .88, CFI = 1.0, TLI = 1.03, RMSEA = .00, CI = [.00, .06], SRMR = .03). Initial 
pseudoword reading skills were predicted by rapid naming, phonological awareness and 
visual attention span. Typical readers who scored better on the precursor measures had 
higher pseudoword reading scores at the start of Grade 5. The quadratic slope indicated 
that growth in pseudoword reading started to decline. There were no significant effects of 
the precursor measures on growth (linear slope) or the decline in growth (quadratic term) 
of pseudoword reading skills. 
The model for children with dyslexia included a linear slope and phonological awareness, 
rapid naming, working memory and visual attention span as predictors for initial scores 
and growth in pseudoword reading. This model did not fit the data very well, χ2 (19, n = 
80) = 31.42, p = .04, CFI = .96, TLI = .93, RMSEA = .09, CI = [.02, .14], SRMR = .06). Adding a 
quadratic slope did not improve the model fit, ∆χ2(3) = 4.49, p = .21. Initial pseudoword 
reading skills were predicted by rapid naming and visual attention span. There was no 
significant effect of the predictors on growth of pseudoword reading skills. 
Because the pseudoword reading efficiency model did not fit the data very well, it was 
hypothesized that for children with dyslexia growth in pseudoword reading was still 
a matter of improving reading accuracy. As can be seen in Figure 2, the pseudoword 
reading accuracy scores of the children with dyslexia were rather low, even at the final 
measurement at the end of Grade 6 (M = 78.15%, SD = 11.88), compared to the typical 
readers (M = 93.05%, SD = 7.82). To test whether growth in pseudoword reading in 
children with dyslexia was perhaps more a matter of improvement in reading accuracy, 
a growth model was fitted for the pseudoword reading accuracy of the children with 
dyslexia. The model included a linear slope and phonological awareness, rapid naming, 
working memory and visual attention span as predictors for initial scores and growth in 
pseudoword reading accuracy. This resulted in a poorly fitting model, χ2 (18, n = 80) = 
47.38, p < .001, CFI = .84, TLI = .69, RMSEA = .14, CI = [.09, .19], SRMR = .10), but this linear 
model still fitted the data better than the quadratic model, ∆χ2(6) = 20.77, p = .002. 
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Table 2 | Standardized regression coefficients growth models for word and pseudoword reading efficiency
Word reading Pseudoword reading
Typical 
readers
Children 
with dyslexia
Typical 
readers
Children 
with dyslexia
Initial reading Phonological awareness .22* .07 .32** .25
Rapid naming -.46*** -.43** -.36*** -.61***
Working memory -.09 -.12 -.10 -.08
Visual attention span .34** .11 .43** .24*
Increase growth 
(linear slope)
Phonological awareness -.16 -.02 -.33 .21
Rapid naming .35* -.19* -.11 -.25
Working memory -.18 -.16 -.11 -.03
Visual attention span .08 -.05 .12 .05
Decrease growth 
(quadratic term)
Phonological awareness .16 - .32 -
Rapid naming -.34 * - .12 -
Working memory .13 - -.07 -
Visual attention span -.01 - -.14 -
R2 Intercept .47 .22 .55 .50
Slope .22 .07 .17 .08
Correlation intercept & slope -.21* .05 -.19 .11
***p <.001, ** p <.01, *p <.05
Table 3 | Pearson correlations between reading measures and cognitive and language measures assessed at the first 
measurement. Above the diagonal typical readers (n = 92), below the diagonal children with dyslexia (n = 80)
1 2 3 4 5 6 7 8 9
1. T1 Word efficiency - .55** .52** .87** .25* -.56** .15 .30** .40**
2.T1 Word accuracy .55** - .77** .57** .32** -.07 -.03 .19 .45**
3. T1 Pseudoword efficiency .70** .47** - .68** .34** -.53** .17 .24* .53**
4. T1 Pseudoword accuracy .25* .53** .62** - .42** -.12 .11 .19 .44**
5. Phonological awareness .08 .37** .32** .21 - -.24** .34** .28** .13
6. Rapid naming -.42** -.20  -.59** -.13 -.06 - -.27* -.21* -.33**
7. Working memory -.07 .05 .25* .17 .33** -.05 - .12 .12
8. Vocabulary .09 .30** .16 .08 .21 -.02 .07 - .18
9. Visual attention span .19 .26* .21 .35** .14 -.14 .17 .13 -
** p <.01, *p <.05
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Discussion
In the present study, we examined the growth in word and pseudoword accuracy and 
efficiency and its cognitive and linguistic precursors in children with dyslexia and typical 
readers in the upper primary grades. First, the results showed that children with dyslexia, 
who all had received a clinical reading intervention in previous years, were less accurate 
than typical readers and showed very little growth in accuracy over time. They were also 
less efficient and showed less growth in reading efficiency than typical readers throughout 
Grades 5 and 6. The children with dyslexia did improve more in word than in pseudoword 
reading efficiency, as did the typical readers. Second, it was examined what underlying 
cognitive and language factors predicted growth in word and pseudoword reading in 
both groups. Individual differences in both initial word and pseudoword reading skills 
in typical readers were predicted by rapid naming, phonological awareness and visual 
attention span. Contrary to typical readers, phonological awareness did not significantly 
predict individual differences in word or pseudoword reading skills in children with 
dyslexia. Visual attention span only predicted initial pseudoword, but not word, reading 
in children with dyslexia. Growth in reading efficiency decreased over time for typical 
readers, but not for children with dyslexia. However, in both groups rapid naming 
predicted the growth in word reading, but not pseudoword reading.
Regarding the first goal, investigating reading development in the upper primary grades, 
it was found that children with dyslexia particularly struggled with accurate phonological 
recoding. The children with dyslexia did not differ from typical readers in growth in 
reading accuracy, even though typical readers hardly improved, due to ceiling effects. 
Children with dyslexia in our study did not reach ceiling for word or pseudoword reading 
accuracy, even though they learned to read in a transparent orthography. While it has 
been argued that dyslexia is mostly characterized by difficulties accessing phonological 
representations (Boets et al., 2013; Ramus & Szenkovits, 2008), the persistent difficulties 
with accurate reading in our study suggest that this group struggles with the quality of 
underlying phonological representations as well (see Elbro & Jensen, 2005). 
Apart from reading accuracy, children with dyslexia were behind on typical readers 
on reading efficiency as well. They showed less growth than typical readers in reading 
efficiency from Grade 5 to the end of Grade 6, although this effect was small. While it has 
been found that children with dyslexia can keep up with typical readers during intervention 
(Tilanus, Segers, & Verhoeven, 2016), this effect does not seem to hold once the intensive 
remediation has ended (Suggate, 2016). This effect is in line with what previously has 
been shown in younger children at risk for dyslexia. Early interventions have an effect, 
but it does not seem to be sustained when the intervention ends and children no longer 
receive extra remediating instruction (Regtvoort & van der Leij, 2007). It seems that, 
despite intervention, children with dyslexia keep experiencing difficulties with forming 
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detailed orthographic representations and thus, making it difficult to transfer from fine-
grained, serial processing, to more coarse-grained, parallel processing of words or larger 
parts of words (Grainger & Ziegler, 2011; Van den Broeck & Geudens, 2012; Wang, Marinus, 
Nickels, & Castles, 2014). In the present study, this is also visible in the smaller difference 
between phonological recoding and word recognition in the children with dyslexia 
compared to typical readers. However, the children with dyslexia showed more growth 
in word recognition than in phonological recoding, which could indicate that they do 
develop orthographic representations that can be processed in parallel.
The second goal was to examine the effect of underlying cognitive and language skills 
on individual differences in initial reading levels and growth in word recognition and 
phonological recoding skills. Both initial word and pseudoword reading efficiency levels 
of the typical readers were predicted by rapid naming speed, phonological awareness 
and visual attention span. In line with previous studies, visual attention span predicted 
individual differences in reading skills in typical readers and children with dyslexia (van 
den Boer, van Bergen, & de Jong, 2015; Bosse & Valdois, 2009). However, in children 
with dyslexia this was only the case for phonological recoding skills. Importantly, for 
the children with dyslexia individual differences in both word and pseudoword reading 
were not predicted by phonological awareness skills. Considering the scores on both 
phonological awareness tasks, this is unlikely to be due to floor or ceiling effects. Despite 
the strong focus on phonological skills and grapheme-phoneme correspondences in 
the clinical reading intervention (Tilanus, Segers, & Verhoeven 2016), the results of the 
present study suggest that due to long-lasting difficulties with phonological abilities the 
children with dyslexia rely less on this skill for efficient word and pseudoword reading in 
the upper grades of primary school. 
Finally, results of the latent growth curve models revealed that consistent with previous 
studies growth was quadratic for typical readers, indicating that growth in word reading 
skills started to level off at the end of primary school (Catts, et al., 2008; Parilla et al., 2005). 
In contrast, for the children with dyslexia, growth was still linear, showing that growth in 
word recognition and phonological recoding had not yet started to decline. In addition 
to previous findings that rapid naming strongly relates to individual differences in word 
recognition skills (Kirby et al., 2008; Landerl et al., 2013), it was found that rapid naming also 
predicts growth in word recognition skills. There is still some discussion about the nature 
of the processes that performance on rapid naming tasks tap into, but it has been argued 
that rapid naming skills reflect the speed of retrieval of phonological information from 
visual or orthographic stimuli (Lervåg, Bråten, & Hulme, 2009; Vaessen & Blomert, 2010). In 
the typically reading children, lower rapid naming scores were related to stronger growth 
in word recognition skills, whereas higher rapid naming scores were related to a stronger 
decrease in growth in word recognition skills. As such, performance on rapid naming 
tasks at the start of Grade 5 is an indicator for how far along the growth trajectory a child 
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has already progressed. Children with dyslexia with faster rapid naming skills showed the 
strongest growth in word reading from the start of Grade 5 to the end of Grade 6. Even 
though growth trajectories of children with and without dyslexia differed, rapid naming 
did predict growth in word recognition in both groups. Our study thus shows that at the 
end of primary school, the speed of retrieval of phonological information is an indicator 
for growth in word reading skills, irrespective of the presence of a dyslexia diagnosis. 
It is important to note that growth in phonological recoding was not predicted by any of the 
precursor measures. Both latent growth curve models predicting growth in pseudoword 
reading efficiency and growth in pseudoword reading accuracy for children with dyslexia 
did not fit the data very well, contrary to the models predicting word reading efficiency. 
This could be due to the fact that children with dyslexia form a very heterogenic group, 
as was shown in earlier studies (Peterson, Pennington, & Olson, 2013). As argued within 
the multiple-deficit framework, multiple factors can lead to problems with either accurate 
or efficient reading, explaining the heterogeneity within this group and comorbidity 
with other developmental disorders (Pennington, 2006). The fact that in our study the 
difficulty fitting the latent growth models was only found for pseudoword reading and 
not word reading could indicate that in word recognition children with dyslexia might 
be able to use other strategies to compensate for their underlying difficulties, such as 
semantic information, while this is not an option during pseudoword reading—a more 
direct measure of phonological recoding abilities (Wimmer, Mayringer, & Landerl, 2000). 
To gain more insight into the growth in reading skills in both children with and without 
dyslexia, future research should examine the full course of reading development in 
primary school, before, during and after children with dyslexia receive a clinical reading 
intervention. Furthermore, based on the fact that growth in phonological recoding was 
not predicted by any of the precursor measures and that the model of the children with 
dyslexia did not fit the data very well, it should be further studied what strategies children 
use to read pseudowords at this stage of reading development and why it is even after 
receiving a clinical reading intervention so difficult for children to become accurate in 
phonological recoding. Related to this, a limitation of the study was that a single reading 
test was used to measure both accuracy and efficiency. To ensure that readers did not 
become inaccurate at the cost of trying to read as fast as possible, and to further examine 
why some children still struggle with accurate reading, adding an untimed reading 
measure could provide more insight in strategies used for single (pseudo)word reading. 
The results of this study emphasize the importance of not only monitoring reading 
efficiency, but also reading accuracy in children with dyslexia in the upper grades of 
primary school. Although it has been argued that reading efficiency skills are a better 
measure for differentiating between children with and without dyslexia in a transparent 
orthography (see de Jong & van der Leij, 2003), we showed that a substantial number 
of the children with dyslexia kept struggling with accurate phonological recoding and 
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that they showed very little growth in reading accuracy. In addition, the fact that after 
intervention the gap in reading efficiency skills between children with and without 
dyslexia further increased in the upper primary grades also asks for further attention and 
perhaps further remediation in educational practice. 
To conclude, we showed that at the end of primary school, children with dyslexia in a 
relatively transparent orthography such as Dutch are not just behind on typical readers in 
efficient word recognition and phonological recoding, but still experience difficulties with 
accurate reading as well, even after completing an intensive clinical reading intervention. 
Nevertheless, children with dyslexia do show larger improvements over time in word 
recognition than in phonological recoding and, as in typical readers, rapid naming skills 
contributed to growth in word recognition skills at the end of primary school.  
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Abstract
In this study, we investigated whether children with dyslexia show enhanced semantic 
involvement as a compensation for deficient phonological processing during reading. 
Phonological and semantic processing during reading and moderating effects of word 
frequency and word length in children with and without dyslexia were examined using a 
picture-word priming paradigm. Participants were 61 children with dyslexia and 50 typical 
readers in Grade 6 of primary school. Primes were either semantically or phonologically 
(shared onset and rime) related or unrelated to their target word. Results showed that 
priming effects were stronger in children with dyslexia than in typical readers in the 
semantic condition, but did not differ between groups in the phonological condition. 
Overall, word length and word frequency effects were stronger for children with dyslexia 
than for typical readers, but word length and word frequency did not impact priming 
effects differently for the two groups. In both groups only semantic priming effects were 
stronger for low frequency, longer words. Finally, individual word and pseudoword 
reading efficiency correlated with priming effects only in the semantic condition and 
only in children with dyslexia. It can be concluded that children with dyslexia, compared 
to typical readers, rely more on semantic information in word reading, but do not show 
deficient phonological activation during reading compared to typical readers. 
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Introduction
Single words can be read by translating graphemes into phonemes or by directly 
accessing meaning from the written form (see Coltheart et al., 2001; Harm & Seidenberg, 
2004; Plaut, McClelland, Seidenberg, & Patterson, 1996). While beginning readers are 
assumed to read by serially translating graphemes into phonemes, more skilled readers 
can directly access whole-word meaning from their built-up orthographic lexicon (Ehri, 
2005). Children with dyslexia have serious difficulties with forming detailed orthographic 
representations necessary for fluent reading (Share, 1995; Ziegler, Perry, Ma-Wyatt, Ladner, 
& Schulte-Körne, 2003). As compensatory mechanism, they tend to rely more on semantic 
processing for reading than their typically reading peers (Hennessey, Deadman, & 
Williams, 2012; Nation & Snowling, 1998; Vellutino et al., 2004). That is, stronger influences 
of semantics on word reading can be expected in this group compared to typical readers 
(Plaut & Booth, 2000). Previous research has used word priming to study such effects, 
but the studies carried out so far did not address phonological and semantic effects on 
word reading processes independently from orthographic effects (see Suaval, Casalis, & 
Perre, 2017). Therefore, in the present study we investigated semantic and phonological 
involvement in word reading in children with dyslexia and in typical readers in a picture-
word priming paradigm. 
Two influential frameworks modelling reading processes are the dual route cascaded 
model of reading aloud (DRC model) and the parallel distributed processing model (PDP 
model). Within the DRC framework, word reading may involve a sublexical or lexical route 
(Coltheart et al., 2001). Via the sublexical route, graphemes are translated into phonemes 
according to orthography-specific grapheme-to-phoneme conversion rules. Via the lexical 
route, whole-word orthographic representations are directly accessed from the lexicon. 
Within the parallel distributed processing framework, three levels of representations are 
distinguished that interact during written word processing: orthographic, semantic and 
phonological representations (Harm & Seidenberg, 2004; Plaut, McClelland, Seidenberg, 
& Patterson, 1996). Readers can access word meaning by orthography-to-phonology-to-
semantic translations or directly by orthography-to-semantic translations, without first 
making the translation from orthography-to-phonology. Both models predict that skilled 
readers will mostly rely on direct lexical or orthography-to-semantic reading strategies. As 
reading becomes a more automatic process and skilled readers rely more on direct lexical 
retrieval, the impact of phonological processing on reading decreases (Yap, Hutchison, 
& Tan, 2016; Ziegler et al., 2014). It has also been argued that when fast word reading via 
the lexical route is more difficult in, for instance, exception word reading or when reading 
is more difficult due to underlying phonological problems as found in dyslexia, readers 
rely more on the direct lexical or orthography-to-semantic strategy (Betjemann & Keenan, 
2008; Nobre & Salles, 2016). 
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A frequently used paradigm to examine word reading processes in both beginning and 
skilled readers is priming. Priming paradigms have been used extensively to measure how 
representations in the mental lexicon are activated and interact during reading (Shao & 
Meyer, 2017). Exposure to primes can either facilitate subsequent word reading, resulting 
in shorter response latencies from prime to target response; or have an inhibitory effect, 
resulting in longer response latencies from prime to target response, both compared to 
response latencies in a neutral condition (Plaut & Booth, 2000). Previous studies have found 
that semantically related word primes facilitate word reading or lexical decision in adults 
(Neely, 1991, Plaut & Booth, 2000, Yap et al., 2016). A prime (for instance cat) activates related 
representations (such as dog) and hence facilitates reading of this latter semantically related 
target word. Next to word primes and written targets, cross-modal prime-target relations, 
such as picture-word priming has been investigated. In this case, the advantage of a picture 
prime is that no orthographic processing of the prime is required. Although cross-modal 
priming effects were smaller than same-modality priming effects, semantically related 
picture primes have been found to facilitate subsequent word reading in adult readers 
(Carr, McCauley, Sperber, & Parmelee, 1982). These previous studies with adults including 
written word or picture primes provided evidence that semantic information is activated 
during single word reading, as is predicted by both the dual-route and parallel distributed 
processing model. 
Phonological priming, such as priming of onsets, pseudohomophones or rhymes, has been 
used in several studies to examine activation of phonological representations during reading 
(Castles et al., 2007; Schiller, 2008; Ziegler et al., 2014). Phonological onset or (pseudo)
homophone primes pre-activate phonological representations and facilitate naming of the 
phonologically related target word. However, when whole word primes—overlapping in 
word onset with the target word—are used, the effect becomes inhibitory, possibly because 
readers need time to disambiguate pre-activated representations (Schiller, 2008). Many 
studies investigating phonological priming use written word primes and auditory or written 
targets (Shao & Meyer, 2017). There is evidence that phonologically related word primes 
activate phonological representations and affect spoken and written word processing 
(Grainger & Ferrand, 1996; McQueen & Huettig, 2014; Schiller, 2008). It has also been found 
that phonologically related picture primes affect auditory processing (McQueen & Huettig, 
2014) and that phonologically related auditory primes activate phonological representations 
and affect written word processing (Sauval et al., 2017). However, it is not clear how 
phonologically related picture primes affect written word processing. As mentioned 
before, picture primes have the advantage of activating phonology independently from 
orthographic representations. McQueen and Huettig (2014) argued that in visual object 
processing, picture names are retrieved by default, and do not only make lexical decisions 
more difficult, but they also have an inhibitory effect on reading aloud, since this requires 
activation of phonological representations of the target words. 
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Word frequency and word length effects 
Important to note is that semantic or phonological influences on word reading are 
moderated by word characteristics such as word frequency and word length. Semantic 
and phonological priming effects on word reading and lexical decision are stronger for 
low-frequency target words than for high-frequency target words (Neely, 1991; Plaut & 
Booth, 2000; Hutchison et al., 2013; Sauval et al., 2017; Yap, Tse, Balota, 2009). According 
to Hutchison et al. (2013), stronger semantic priming effects for low-frequency words are 
found because participants rely more on semantic information when words are more 
difficult to recognize. With respect to phonological primes, Leinenger (2014) suggested 
that phonological priming effects for low-frequency words are stronger because readers 
may still rely on the sublexical route for low-frequency words and thus reading is more 
strongly affected by phonological processing. High-frequency words can directly be 
accessed from the lexicon and thus are less influenced by phonology. However, Booth and 
Plaut (1997) offer an alternative explanation by arguing that priming effects are weaker 
for high-frequency words, because activation is already very fast, leaving less room for 
additional priming effects. 
Another word characteristic that is found to affect word reading latencies is word length 
(Shao & Meyer, 2017; Yap et al., 2016), but differential effects of phonological or semantic 
primes for words varying in word length have not been examined. Many priming studies 
in fact control for word length (Shao & Meyer, 2017). Studies that investigated word 
length effects on word reading have found word length effects to be stronger for younger 
readers and children with dyslexia than for more skilled readers. This is often considered 
to be a reflection of transferring from sublexical to lexical reading (Barca et al., 2006; 
Martens & de Jong, 2006; Ziegler et al., 2003; Zoccolotti et al., 2009). When graphemes 
are serially converted into phonemes, response latencies become longer as word length 
increases. Conversely, when words can be directly retrieved from the orthographic 
lexicon, word length no longer affects response latencies for word reading. Word length 
and word frequency do interact, with longer reading times for longer words, especially for 
low-frequency words (Rau et al., 2015). 
Individual differences in reading skills
Because there is large within group variability in reading skill, individual differences in 
reading should not be neglected in examining semantic and phonological processing 
during reading (Yap et al., 2016). Previous studies found semantic priming effects to 
correlate with individual reading skills (Nobre & Salles, 2014; Plaut & Booth, 2000; Yap 
et al., 2016). In typical readers and children with dyslexia, lower word reading skills were 
related to larger facilitative effects of semantic primes. For instance, Hennessey et al. 
(2012) examined the effect of semantic primes on word reading and picture naming in 
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children with dyslexia and typical readers in a repetition priming paradigm. They found 
a facilitative effect of semantic word primes on subsequent word and picture naming in 
children with dyslexia. Overall, priming effects were stronger in children with dyslexia than 
in typically reading peers, concluding that children with dyslexia showed more semantic 
involvement during word processing than typical readers. To the best of our knowledge, 
individual differences in reading skill have not been linked to phonological priming 
effects. It is unclear how phonological priming effects relate to individual differences in 
reading skill, especially within picture-word priming paradigms. 
Present study
The goal of the current study was to examine semantic and phonological processing 
during word reading in children with dyslexia and typical readers by using a picture-
word priming paradigm. Because children with dyslexia have difficulties with forming 
detailed orthographic representations (Share, 1995; Ziegler, et al., 2003), we examined 
phonological and semantic activation during reading without influence of previous 
orthographic processing of the primes. The advantage of picture primes is that—contrary 
to the other paradigms—there is no orthographic processing required, but phonology 
is still activated (see McQueen & Huettig, 2014). Therefore, this paradigm can be used 
to test semantic and phonological priming effects on word recognition separately from 
orthographic priming effects. The picture primes either share a phonological onset with 
the target word or overlap in semantic category with the target word. The following 
questions were addressed: 1a) How does phonological and semantic involvement 
during word reading differ between children with and without dyslexia; 1b) and to what 
extent are phonological and semantic priming effects affected by word length and word 
frequency in both groups? 2) Do phonological and semantic priming effects correlate 
with individual differences in reading skills in children with dyslexia and typical readers? 
Regarding the first question, it was expected that the phonological primes would have 
an inhibitory effect and semantic primes would have a facilitative effect on word reading. 
With respect to models of single word reading, it was expected that skilled readers use 
direct lexical access and do not rely as much on phonological activation for high-frequency 
words, only for low-frequency words or pseudowords (Leinenger, 2014). However, both 
frameworks predict that phonological representations are still activated in whole-word 
retrieval (Leinenger, 2014; Sauval et al., 2017). Therefore, within these frameworks (small) 
phonological priming effects were expected for skilled readers. In children with dyslexia, 
two different expectations can be formulated for phonological primes. If they rely more 
on sublexical reading strategies, phonological priming effects are expected to be stronger 
than in typical readers; however, if they rely less on phonological information due to 
deficient phonological representations, smaller phonological priming effects can be 
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expected compared to typical readers. It was also expected that children with dyslexia 
would show more reliance on semantic processing, resulting in larger semantic priming 
effects, and thus a larger facilitative effect of semantic primes on subsequent word 
recognition than typical readers. Overall, we expected to find stronger word frequency 
and word length effects in children with dyslexia. 
Regarding the second question, in line with previous research it was expected that lower 
reading skills would be associated with stronger semantic priming effects (cf. Nobre & 
Salles, 2016; Plaut & Booth, 2000; Yap, et al., 2016). Although phonological priming has 
not yet been associated with individual differences in reading skill, based on the dual 
route and parallel processing frameworks it was expected that, as for semantic priming, 
lower reading skills would relate to stronger phonological priming effects. 
Method 
Participants 
Sixty-one children with dyslexia (M = 12;2 years, SD = 0;6 years) and 50 typical readers 
(M = 12;4 years, SD = 0;4 years) in 6th grade of regular primary education participated 
in the experiment. All children were also part of a larger longitudinal study on reading 
development in children with and without dyslexia in the upper primary grades (van der 
Kleij, Segers, Groen, & Verhoeven, 2017). Children with dyslexia were diagnosed at the 
end of Grade 2 according to a nationally standardized protocol (Blomert, 2006). They had 
scored within the lowest 10% on standardized word and pseudoword reading measures 
and within the lowest 10% on two out of six tasks measuring phonological awareness, 
letter knowledge and rapid naming. The children with dyslexia had received a phonics 
reading intervention between the end of Grade 2 and Grade 4. Even though the children 
were diagnosed in Grade 2 and had received an intervention, they still scored below 2 
standard deviations from the mean of their typically reading peers after this intervention 
(van der Kleij et al., 2017). Parents had given informed consent for participation of their 
child in this study. The study was approved by the university's ethics committee of the 
Faculty of Social Sciences. 
Reading measures
Word and pseudoword reading were measured with two standardized reading tasks. 
Word reading was assessed with the Een-Minuut-Test [One-Minute-Test] (Brus & Voeten, 
1979). The task consisted of 120 CVC, CCV, two- and three-syllable words. Participants 
were asked to read as many words as possible within one minute. Pseudoword reading 
was assessed with the Klepel (Van den Bos, Lutje Spelberg, Scheepstra, & de Vries, 1994). 
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The task consisted of 120 CVC, CCV, two- and three-syllable pseudowords. Participants 
were asked to read as many items as possible within two minutes. For both tasks the 
scores used for the analyses were the total number of items children could read correctly 
within one minute. Reported Rn reliability for the Een-Minuut-Test varies between .90-.94 
and for the Klepel between .89-.94.
Experimental task
The priming task consisted of three conditions in which the target word was: 1) 
phonologically (shared onset and rime) related to the prime, 2) semantically related to 
the prime, or 3) was unrelated to the prime.
Stimuli
In the phonological condition, the prime was a word in which the first two (in CV structured 
words) or three (in CCV structured words) phonemes were equal to the first two or three 
phonemes of the target word (vinger [finger] – vis [fish]). These primes and targets were 
not semantically related to each other. Primes in the semantic condition were words 
from similar semantic categories as the target words (vinger [finger] – pols [wrist]). These 
primes and targets did not show phonological overlap in word onsets. Primes in the 
unrelated condition were words that showed no semantic or phonological overlap with 
the target word (vinger [finger] – held [hero]). To create four versions of the task that were 
counterbalanced over participants a total of 80 picture primes and 160 target words were 
selected. 
Primes
80 black-and-white pictures from the Snodgrass data set were used as primes (Snodgrass & 
Vanderwart, 1980) and were presented on a white background. The pictures were combined 
with 20 phonologically related words in the phonological condition, 20 semantically related 
words in the semantic condition, and 40 unrelated words, and were used to create four 
versions of the task. The stimuli in the phonological and semantic condition of one version 
were used for the unrelated condition in another version (for instance, the 20 words from 
the phonological condition in version 1 and the 20 words from the semantic condition in 
version 3 were used for the unrelated condition in version 2). 
Targets
A total of 160 written target words (80 in the phonological and 80 in the semantic 
condition) were used to create four different versions of the task. Each child was presented 
with half of these words, paired with primes as described above. Words were presented 
in lower-case in a black Arial font in the middle of a white background. The conditions 
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were matched on length in letters (phonological condition: M = 4.90, SD = 1.88, semantic 
condition: M = 4.75, SD = 1.74) and log frequency of words (phonological condition: M 
= 5.73, SD = 1.60, semantic condition: M = 5.91, SD = 1.26). The latter was obtained from 
Basilex, a Dutch corpus containing educational materials, child literature and media 
(Tellings et al., 2014). 
Procedure
Participants were seated in front of a laptop screen with a microphone placed close to 
their mouth. They were instructed to read aloud the written word that appeared on the 
screen and not to name the picture that appeared before each written word. The task 
started with a practice block of eight separately created trials to familiarize children with 
the task, followed by four blocks with 20 trials in which the primes and target words from 
the phonological, semantic and unrelated condition were presented randomly. Between 
each block there was a short break and participants could press the space bar in order to 
continue with the task.  
Each trial started with a fixation cross (500 ms), then the prime was presented for 1000 ms, 
followed by a blank screen (200 ms) and finally the target word (see Figure 1). The target 
word disappeared a soon as participants initiated a response or disappeared after 3000 
ms. A voice key was implemented to measure response latencies of the participants. All 
responses were also recorded with a voice recorder in addition to the voice key. Inter-trial-
interval was 1000 ms. The voice key did not work properly for some of the participants, 
therefore we decided to calculate response latencies from the recorded data on the voice 
recorders. For all participants, data from voice recorders was used, with a sound marker 
denoting picture onset. Time between this marker and voice onset was calculated.
Figure 1 | Example of a trial in the unrelated condition. The target word ‘geit’ [goat] is preceded by the picture of 
a car (‘auto’), which is neither semantically nor phonologically related to the target word. 
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Analyses
Mixed effects modeling was used to analyze the effects of the priming conditions 
on response latencies in both children with dyslexia and typical readers, using the 
lme4 package (Bates et al., 2014) in R (R Core Team, 2013). Treatment contrast coding 
was used in order to compare the effects of semantic and phonological primes to the 
unrelated (baseline) condition. Response latencies were added as the dependent 
variable, representing the time in milliseconds from the onset of the prime until the child 
initiated a response. Per participant and per item random intercepts were added, as well 
as random slopes varying over participants. Condition, Group, Frequency and Length 
were added as fixed effects. First, all fixed effects and random intercepts were added, 
then the interactions between fixed and random effects (random slopes). Following 
Barr et al. (2013) a maximal random effects structure was applied. Hierarchical modeling 
based on maximum likelihood was used to compare models, with the anova function of 
R’s stats package. Interactions were included in the final model when they exceeded the 
5% significance level. The reaction time data and frequency data were skewed, therefore 
the log-transformed data were used for both variables. To obtain standardized beta 
values, and to control for absolute differences in response times between the children 
with dyslexia and typical readers, variables were standardized and centered (as proposed 
by Faust, Balota, Spieler, & Ferraro, 1999). Standardized beta values and 95% confidence 
intervals are reported as indication of effect size. Larger beta values indicate larger effects, 
narrow confidence intervals indicate more precision. Incorrect responses or missed 
responses were excluded from the analyses (1%). Outliers were removed within the model 
by removing residuals greater than 2.5. 
Results
The descriptive statistics for of the priming task are presented in Figure 2a and 2b. Figure 
2a contains the average response times per condition for children with and without 
dyslexia. The time between the sound marker and the onset of the target word was 
extracted from the reaction time data, so that the reaction times represent the time 
between the onset of the target word and the response. Figure 2b contains the difference 
in response latencies between the unrelated and phonological, or between the unrelated 
and semantic conditions, which is referred to as the priming effects. 
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Figure 2 | a) Mean (SD) response latencies of the children with dyslexia and typical readers across the 
phonological, semantic and unrelated conditions. b) Difference scores between the unrelated – phonological 
and unrelated – semantic  conditions. 
Semantic and phonological priming
To answer the first question it was examined how response latencies were affected by 
either semantic or phonological primes (an effect of Condition) in both children with 
and without dyslexia (an effect of Group) and whether length and frequency of the 
target words affected response latencies in either group. The results of the final model 
are displayed in Table 1. There was a significant main effect of Group, indicating that 
children with dyslexia overall responded more slowly than typical readers. There was also 
a main effect of Condition. As can be seen in Figure 2b, there was a facilitative effect of 
semantic primes, resulting in shorter response latencies after a semantic prime compared 
to an unrelated prime and an inhibitory effect of phonological primes, resulting in 
longer response latencies compared to unrelated primes. As can be seen in Table 1, the 
interaction between Group and Condition was only significant for the semantic condition, 
indicating that the effect of semantic primes was stronger in children with dyslexia than 
in typical readers. 
Word length and word frequency effects
Significant main effects were found for both Length and Frequency, and for the interaction 
between Length and Frequency. The significant interaction between Group and Length 
indicated a stronger increase in response latencies as word length increased for children 
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with dyslexia compared to typical readers. In other words, stronger length effects were 
found for children with dyslexia than for typical readers. The interaction between Condition 
and Length was only significant for the semantic condition. Response latencies were less 
affected by word length in the semantic condition than in the unrelated condition. The 
three-way interaction between Group, Condition and Length was not significant; there 
were no differential effects of word length on priming effects between the groups. 
Table 1 | Summary of generalized linear mixed-effects model predicting response latencies in children with and 
without dyslexia
Predictor fixed effects β t p 95% CI
Intercept .26 4.54 <.001 .06, .27
Semantic Condition -.21 -6.20 <.001 -.23, -.13
Phonological Condition .18 5.16 <.001 .11, .21
Group -.63 -7.30 <.001 -.72, -.42
Word characteristics
Length .22 11.86 <.001 .17, .24
Frequency -.25 -12.15 <.001 -.24, -.18
Interactions
Semantic Condition:Group .10 2.03 .04 .01, .15
Phonological Condition:Group -.09 -1.78 .08 -.15, .01
Semantic Condition:Length -.09 -3.94 <.001 -.12, -.05
Phonological Condition:Length .02 0.82 .40 -.02, .05
Group:Length -.13 -5.28 <.001 -.15, -.07
Semantic Condition:Frequency .06 2.55 .01 .01, .09
Phonological Condition:Frequency .03 1.26 .21 -.02, .04
Group:Frequency .13 4.56 <.001 .06, .15
Length:Frequency -.06 -6.60 <.001 -.08, .-05
Semantic Condition:Length:Frequency .07 2.37 .02 .03, .09
Phonological Condition:Length:Frequency .01 0.14 .89 -.01, .03
Random effects Variance explained χ2 p
Item 0.003 9.233 .002
Participant 0.19 1872.60 <.001
Participant:Condition 0.02 39.46 .001
Participant:Length 0.01 195.01 <.001
Participant:Frequency 0.01 253.60 <.001
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The main effect of Frequency and the interaction between Condition and Frequency 
were significant. For the semantic condition, response latencies were less affected by 
word frequency than in the unrelated condition. The interaction between Group and 
Frequency was also significant, indicating that frequency effects were stronger for the 
children with dyslexia than for the typical readers. The significant interaction between 
Condition, Length and Frequency indicated that the word frequency effects on response 
latencies were stronger for longer words, but only in the semantic condition. The three-
way interaction between Group, Condition and Frequency was not significant; there were 
no differential effects of word frequency on priming effects between the groups. The four-
way interaction between Group, Condition, Length, and Frequency was not significant 
and was not included in the final model (χ2 = 5.61, p = .13). 
Association individual differences in reading and priming effects
To answer the second question it was examined how priming effects related to individual 
differences in reading skill. Correlations between reading measures and priming effects 
of both groups are displayed in Table 2. The semantic priming effect correlated with word 
reading efficiency, but only in children with dyslexia. Higher word reading scores were 
associated with stronger priming effects (Figure 3). The correlation between semantic 
priming effects and word reading skills significantly differed between typical readers and 
children with dyslexia (p = .003). The difference between groups was significant for the 
correlation between semantic priming effects and pseudoword reading skills (p = .03). 
The phonological priming effect did not correlate with any of the word or pseudoword 
reading efficiency and accuracy measures, in either group. 
Table 2 | Pearson correlations of priming effects and reading measures. Below the diagonal: typical readers (n = 50 ); 
above the diagonal: children with dyslexia (n = 61).  
  1 2 3 4 5 6
1.Semantic priming effect - .498** .257* .103 .183 .151
2.Phonological priming effect .700** - .086 .056 -.105 -.012
3.Word efficiency -.273 .087 - .414** .406** .175
4.Pseudoword efficiency -.249 .057 .804** - .488** .752**
5.Word accuracy -.108 .028 .386** .501** - .590**
6.Pseudoword accuracy -.072 .164 .151 .455** .749** -
* p <.05, ** p <.01 
Chapter 4
78
4
Figure 3 | Visualization of the relation between semantic priming effects and word (left) and pseudoword (right) 
reading for children with dyslexia and typical readers. 
Discussion
The first goal of this study was to examine phonological and semantic processing during 
reading, and moderating effects of word frequency and word length in children with 
dyslexia and typical readers, in a picture-word priming paradigm. The results showed 
that priming effects were stronger in children with dyslexia than in typical readers in 
the semantic, but not in the phonological condition. Although overall word length and 
word frequency effects were stronger for children with dyslexia than for typical readers, 
priming effects in the two groups were not differently affected by word length and word 
frequency. In both groups semantic, but not phonological, priming was stronger when 
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word length increased and word frequency decreased. The second goal was to examine 
to what extent phonological and semantic priming effects were associated with individual 
differences in reading skills. We found that reading efficiency correlated with priming 
effects only in the semantic condition and only in children with dyslexia. 
In line with previous literature, semantic priming effects were stronger in children with 
dyslexia than in typical readers, which could be interpreted as a stronger reliance on 
semantic information during word reading on the part of the children with dyslexia, 
possibly as a compensation for their phonological difficulties (Betjemann & Keenan, 2008; 
Hennessey et al., 2012; Nobre & Salles, 2016). The use of compensatory mechanisms 
for word reading in individuals with dyslexia has also been found in studies examining 
morphological processing, showing that participants with dyslexia relied more on 
morpho-semantic information than typical readers (Cavalli et al 2017a). That is, participants 
with dyslexia activated morpho-semantic information earlier than typical readers. In 
a behavioural study Cavalli, Duncan, Elbro, El Ahmadi, and Cole (2017) also found that 
a greater dissociation between morpological and phonological skills in adults with 
dyslexia was associated with better reading skills. They interpreted this as an indication 
that participants with dyslexia who were better able to use morphological knowledge 
as compensatory strategy had developed better reading skills (although direction 
of effect was not tested). In line with this, the correlation analysis in the current study 
found that stronger semantic priming effects were associated with higher word reading 
skills. Suggesting that children with dyslexia who relied more on (i.e., were better able to 
compensate with) semantic knowledge during word reading had developed better word 
reading skills. 
With respect to the phonological condition, we found that both typical readers and 
children with dyslexia activated phonological representations during reading, as reflected 
by the inhibitory effect of phonological primes on word reading in both groups. This fits 
with evidence from recent modelling frameworks for single word reading suggesting that 
even in skilled word reading phonology is activated (Leinenger, 2014). However, no group 
differences between children with dyslexia and typical readers were found, contrary to 
our expectations to find either stronger phonological priming effects (due to sublexical 
reading strategies) or weaker phonological priming effects (due to deficient phonological 
processing) in children with dyslexia. One explanation for this is that phonological 
onset priming using whole word primes has been argued to reflect late phonological 
processing in the output lexicon (Booth & Plaut, 1997; Schiller, 2008). More specifically, it 
is thought to reflect the computation of phonology after accessing meaning (see Levelt, 
Roelofs, & Meyer, 1999). Due to the long stimulus onset asynchrony used in the current 
study, participants were provided considerable time to process the prime and activate 
post-lexical phonology before the target word appeared. Our results thus suggest that 
children with dyslexia do rely more on direct orthography-to-semantics or direct lexical 
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retrieval for word reading, but do not differ in how they are affected by phonologically 
related primes in activation of post-lexical phonology during reading than typical readers. 
While, evidence from picture naming studies shows that children with dyslexia have more 
difficulties in retrieving phonological codes when naming pictures (Swan & Goswami, 
1997; Goswami, Schneider, & Scheurig, 1999), in the present study children were overall 
slower on word reading, but they don’t seem to be more inhibited by phonologically 
related picture primes in post-lexical phonological encoding than typical readers.
The effects of word length and word frequency were stronger for children with dyslexia 
than for typical readers, as was expected based on previous literature (Barca et al., 2006; 
Martens & de Jong, 2006; Zoccolotti et al., 2005). For the semantic condition an interaction 
was found between word length and word frequency, but word length and word 
frequency did not moderate semantic priming effects differently for the two groups. For 
the phonological condition no effects of word length and word frequency were found. 
According to Levelt et al. (1999), word frequency and word length affect processing at 
the lexical level, not at the level of phonological encoding. As mentioned before, the 
phonological priming effects in our study are thought to reflect post-lexical processing, 
which would explain why in our study no effects of word length and word frequency were 
found in the phonological condition. 
Regarding the second question, priming effects were found to be associated with 
individual differences in reading skill. Semantic priming effects correlated with individual 
differences in word and pseudoword reading skills in children with dyslexia, but contrary 
to findings by Nobre and Salles (2016), not in typical readers (p = .057). In typical readers 
there was a trend in the opposite direction, where faster readers showed smaller priming 
effects. It has been argued that slower processing generally gives more scope for 
spreading activation in a semantic network, and hence, influences speeded word naming 
processes more strongly (see Plaut & Booth, 2000), as seems to be the case for the typical 
readers. For faster readers, their word reading was already very efficient, leaving less room 
for additional semantic effects. In the present study however, children with dyslexia with 
better word reading skills showed stronger semantic priming effects. It therefore seems 
that for this group the semantic priming effect is not mainly due to slower processing. 
Whether this relation is only found in children with dyslexia because of more room for a 
semantic effect on word reading, or whether this is due to a compensatory strategy could 
be further investigated by including a younger group of typically developing readers, 
matched to children with dyslexia on reading efficiency. 
A limitation of this study was that a long stimulus onset asynchrony was used, which could 
allow for task specific strategic effects when participants notice the relationship between 
prime-target pairs (Ferrand, Grainger, Segui, 1994). Shorter stimulus asynchronies 
would allow participants to activate abstract phonological representations, but prevent 
phonological encoding of the prime. For instance, according to Indefrey and Levelt (2000) 
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retrieval of phonological representations and phonological encoding takes between 275-
400ms. Testing effects of different stimulus onset asynchronies could therefore provide 
more insight into differences in early vs. late phonological processing in children with 
dyslexia compared to typical readers. Second, while the picture primes have been used 
in a number of naming studies in adults (Snodgrass & Vanderwart, 1980), a limitation 
was that the picture primes were not piloted and it was not tested whether they were 
recognized correctly by this age group. Adding a block at the end of the experiment in 
which participants are asked to name the pictures could help to exclude trials in which 
children misnamed the pictures. It would also provide a more direct measure for the 
speed with which children access phonological representations of the picture primes. 
Third, the primes in the semantic condition were semantically related to the target words, 
but previous studies have shown that priming effects are not only affected by semantic 
relatedness, but can also be affected by associative strength (see Moss, Ostrin, Tyler, & 
Marslen-Wilson, 1995). This was not controlled for in the present study, but future research 
on semantic priming effects in participants with dyslexia could dissociate the effect of 
associative strength versus semantic relatedness between primes and targets to further 
investigate what type of (semantic) information they rely on during word recognition.   
Another future step would be to create a condition that allows for testing possible 
orthographic activation after picture primes. Despite that activation of the orthographic 
representations is not required in picture priming, orthographic information might still 
be activated. The priming experiment in the present study only included semantically 
and phonologically related primes and targets. As shown by Ferrand and Grainger (1994) 
orthographic primes affect word recognition, independently from phonological effects. 
Even though it would be challenging to create these items in a transparent orthography 
such as Dutch, creating experimental conditions with shared orthographic overlap, but 
no phonological overlap, or words with shared phonological overlap, but no orthographic 
overlap could give more insight into activation of orthographic representations after 
picture primes. Moreover, following a group of beginning readers longitudinally 
could provide more information about the developmental changes in semantic and 
phonological involvement in word recognition processes.
To conclude, this study was the first to combine both semantic and phonological 
priming within a single paradigm in children with dyslexia to examine semantic and 
phonological effects on single word reading. The results showed differential effects of 
semantic and phonological primes on word recognition. Children with dyslexia showed 
enhanced semantic involvement in word recognition, but no differences in phonological 
priming compared to typical readers. Semantic, not phonological priming, was related to 
individual differences in reading skills in children with dyslexia only. This study suggests 
that children with dyslexia rely more on semantic information for word reading, but do not 
differ in post-lexical phonological activation during reading compared to typical readers.
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Appendix
Picture Target words
semantic unrelated unrelated phonological
aardbei.bmp sinaasappel vis tafel aartsvijand
ananas.bmp mango bed spijker antenne
appel.bmp peer rugtas weiland apparaat
arm.bmp been zeester boor artiest
auto.bmp fiets geit mond auteur
banaan.bmp meloen tegenwoordig trui ballon
bank.bmp kleed koepel rots bas
berg.bmp heuvel slap antenne bed
bezem.bmp spons apparaat lach bever
bijl.bmp speer landschap pot bijt
blad.bmp tak schoen schroeiplek blaffen
bloemkool.bmp radijs park sandaal bloedcel
boek.bmp krant haas mango boer
boog.bmp zwaard gans tas boon
boom.bmp struik neutraal zwaard boot
broek.bmp trui vlam meloen broer
bus.bmp trein honger trol butler
deur.bmp raam huid pet duf
eend.bmp gans krokus grasmaaier eenzaam
gieter.bmp schep duf zadel gierig 
hamer.bmp spijker regenjas peer hagel
hand.bmp voet vocht schutting half
harp.bmp viool bever komkommer hal
hart.bmp long gierig mes hangen
hek.bmp schutting aartsvijand schaal held
helm.bmp pet sjabloon pagina hert
horloge.bmp armband taak speer honger
huis.bmp kerk maan raket huid
kaars.bmp vlam broer computer kaal
klomp.bmp sandaal tak vlieg klont
koelkast.bmp vriezer test vlinder koepel
kroon.bmp mantel macht ballon krokus
kruiwagen.bmp grasmaaier enkel long kruimeldief
kwal.bmp zeester artiest surfplank kwast
laars.bmp schoen stem vlieland laag
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Picture Target words
semantic unrelated unrelated phonological
ladder.bmp emmer klont trein landschap
lamp.bmp klok boon stok lach
leeuw.bmp tijger vanzelf augurk leen
molen.bmp weiland klok bal modern
neus.bmp oor tros volk neutraal
oog.bmp mond strijdlustig fiets oom
pan.bmp wok zegel bloedcel park
panda.bmp ijsbeer stoep heuvel partij
paprika.bmp komkommer glijbaan jas parade
paraplu.bmp regenjas wonder kleed pagina
pijl.bmp mes armband kat pijn
potlood.bmp gum voet viool polder
ring.bmp ketting blaffen boot rib
rok.bmp jas zeis been rots
rups.bmp vlinder half hok rugtas
schaap.bmp geit auteur wasmiddel schaal
schommel.bmp glijbaan koe parade schokken
schroevendraaier.bmp beitel giraf radijs schroeiplek
sjaal.bmp muts hert cake sjabloon
slang.bmp hagedis hagel pols slap
spin.bmp vlieg vlak beitel spits
ster.bmp maan modern ketting stem
stoel.bmp tafel kom tijger stoep
strijkijzer.bmp wasmiddel vaart oom strijdlustig
taart.bmp cake hagedis fluit taak
teen.bmp enkel polder schep teek
telefoon.bmp computer eenzaam kaal tegenwoordig
tent.bmp slaapzak vriezer struik test
tomaat.bmp augurk schutting muts toneel
trommel.bmp fluit bijt slaapzak tros
trompet.bmp piano laag krant trol
vaas.bmp kom pijn wok vaart
varken.bmp koe spits schokken vanzelf
vinger.bmp pols hangen held vis
vlag.bmp stok teek leen vlak
vliegtuig.bmp raket butler kerk vlieland
vork.bmp lepel emmer piano vocht
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Picture Target words
semantic unrelated unrelated phonological
vos.bmp haas boer oor volk
zaag.bmp boor held gum zadel
zebra.bmp giraf toneel spons zegel
zeilboot.bmp surfplank kwast hal zeis
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Abstract
This study investigated in a longitudinal design how 74 Dutch children with dyslexia and 
39 typically developing peers differed in sequential versus spatial implicit learning and 
overnight consolidation, and examined whether implicit learning related to (pseudo)
word reading development in grades 5 and 6. The results showed that sequential, but not 
spatial, learning predicted growth in reading skills in children with and without dyslexia. 
Sequential implicit learning was also related to growth in pseudoword reading skills 
during an intervention in children with dyslexia, retrospectively. Furthermore, children 
with dyslexia had longer reaction times in general, but did not differ from typical readers in 
how well or how quickly they learned on either implicit learning task or in their overnight 
consolidation
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Introduction
An important part of reading instruction involves explicit teaching of correspondences 
between phonemes and graphemes (Ehri, Nunes, Stahl, &Willows, 2001), but there are 
also aspects of reading acquisition that involve implicit processes, such as learning from 
context and automatizing reading skills (Nicolson, Fawcett, Brooks, & Needle, 2010). It has 
been argued that especially implicit learning of sequential information is important for 
developing fluent reading skills (Jiménez-Fernández, Vaquero, Jiménez, & Defior, 2011). 
Previous studies have found an association between implicit learning and reading abilities. 
That is, children with higher reading levels performed better on implicit learning tasks 
than children with lower reading levels (Hedenius et al., 2013; Howard, Howard, Japikse, 
& Eden, 2006). Furthermore, it has been argued that problems with acquiring fluent and 
accurate reading skills in children with dyslexia and difficulty improving their reading skills 
during intervention is caused by an underlying deficit in acquiring and retaining implicit 
information (Nicolson et al., 2010). However, it has not been investigated to what extent 
implicit learning relates to reading development in typical or dyslexic readers. Therefore, 
we examined sequential and spatial implicit learning in children with dyslexia and typical 
readers, and examined whether implicit learning performance predicted growth in word 
and pseudoword reading skills. 
So far, only a few studies have linked sequential implicit learning to individual differences 
in reading skill (Hedenius et al., 2013; Howard et al., 2006; Vakil, Lowe, & Goldfus, 2013). A 
learning task that is commonly used to measure implicit learning is the serial reaction time 
task (SRT task, first reported by Nissen & Bullemer, 1987). Participants are asked to carry 
out motor responses as quickly and accurately as possible to a sequence of visual cues, 
without being aware that this sequence is predictable. Although the reliability of the task 
has recently been questioned (West et al., 2017), accuracy and response speed on the SRT 
task have been found to correlate positively with word and pseudoword reading measures 
(Hedenius et al., 2013; Howard et al., 2006), even after controlling for rapid naming skills 
(Howard et al., 2006). Furthermore, learning rate on the SRT task was associated with 
pseudoword reading rate (Vakil et al., 2013). However, no previous research has examined 
how implicit learning relates to reading development in a longitudinal design, and thus 
the direction of the relations remains unclear. 
With respect to the association with reading difficulties, there have been a number of 
studies that examined implicit learning as an underlying deficit in dyslexia (Lum, Ullman, 
& Conti-Ramsden, 2013). Lum et al. (2013) showed in a meta-analysis of 14 implicit 
learning studies that participants with dyslexia were outperformed by typical readers on 
the SRT task. The authors found a medium weighted effect size (.449) for the SRT task, but 
there was substantial heterogeneity between study-level effect sizes (varying from -.710 
to 1.172) and not all studies included in the meta-analysis found significant differences 
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between participants with dyslexia and typical readers. This pattern is also found in more 
recent implicit learning studies comparing adults (Henderson & Warmington, 2017) or 
children (Staels & Van den Broeck, 2017; Vakil et al., 2013) with and without dyslexia. 
An important issue is whether poor performance on the SRT task is due to a more general 
implicit learning deficit or whether it is restricted to learning sequential information. So 
far, studies that compared sequential implicit learning—supported by fronto-striatal-
cerebellar circuitry—to spatial implicit learning—depending on medial temporal lobe 
structures (see Howard, Howard, Dennis, Yankovich, & Vaidya, 2004), found that difficulties 
with implicit learning in people with dyslexia were limited to sequential learning (Howard 
et al., 2006; Jiménez-Fernández et al., 2011). However, spatial implicit learning has not 
been related to the development of reading. 
The goal of the present study was to examine how implicit learning, in 74 Dutch children 
with dyslexia and 39 typical readers, is related to the development of reading skills 
longitudinally. Two types of implicit learning were measured and in order to examine 
multiple stages of learning, both initial learning and overnight consolidation were 
examined. Consolidation can be described as a later ‘off-line’ phase after initial learning 
during which stable memory traces are formed (Robertson, Pascual-Leone, & Miall, 2004). 
Two previous studies have examined consolidation for sequential implicit learning and 
found no differences between children with dyslexia and typical readers (Hedenius et al., 
2013; Henderson & Warmington, 2017). However, Hedenius et al. (2013) found differences 
between the two groups on the second day, after extended practice. 
Pseudoword and word reading were included as a reflection of the two reading routes put 
forward in the Dual Route Model (Coltheart et al., 2001). Moreover, individual differences 
in implicit learning were related retrospectively to differences in response to a reading 
intervention, which the children with dyslexia had completed earlier. The following 
questions were addressed: 1) Do children with dyslexia and typical readers differ in 
spatial and sequential implicit learning and overnight consolidation? We expected typical 
readers to outperform children with dyslexia on sequential, but not spatial, learning. 2) 
Does performance on implicit learning tasks relate to growth in word and pseudoword 
reading skills from Grade 5 to Grade 6 in children with dyslexia and typical readers? We 
expected a relation specifically between sequential implicit learning and reading skills. 
Because the children with dyslexia were part of a larger longitudinal study on reading 
development during and after intervention, we were also able to relate implicit learning 
to previous growth in reading skills during an intervention. Therefore the third question 
that was addressed was: 3) Does implicit learning relate to the response to a previously 
completed reading intervention in children with dyslexia? We expected that children 
who were better at implicit learning in Grade 5 showed more growth in reading skills 
from Grade 5 to Grade 6, and (in case of the children with dyslexia) during their reading 
intervention. 
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Method
Participants
Participants were 113 5th grade children from regular primary schools in the Netherlands, 
of which 74 had been diagnosed with dyslexia (31 girls, 43 boys; M age = 11;4 years;months, 
SD = 3 months) in Grade 2. Criteria for diagnostics and intervention were established 
according to a nationally standardized protocol (Blomert, 2006). Children with dyslexia 
scored within the lowest 10% on standardized reading tests and within the lowest 10% on 
measures of phonological awareness, rapid naming, or letter knowledge. The 39 typical 
readers were recruited from four different primary schools in the Netherlands (16 girls, 
23 boys; M age = 11;0 years;months, SD = 2 months). Both groups had average non-verbal 
cognitive abilities (children with dyslexia, M = 98, SD = 9.16, Wechsler Intelligence Scale 
for Children-III-NL, Kort et al., 2005; typical readers, percentile scores M = 52.79, SD = 30.30, 
Raven’s progressive matrices, 1998). Parents had given active consent for participation of 
their child in the study.
Materials
Experimental Tasks
Sequential implicit learning. A serial reaction time (SRT) task was used to measure sequential 
implicit learning (Staels & Van den Broeck, 2017). The children sat in front of a laptop and 
rested their right hand ring, middle and index finger on three keys on a ‘qwerty’ keyboard. 
On the screen, three sets of brackets indicated three possible locations where a target 
stimulus (an asterisk) could appear. The children were instructed to press the key (v, b, 
or n) corresponding to the position of the target that appeared on the screen, as quickly 
and accurately as possible. E-Prime 2.0 software (Psychology Software Tools, Pittsburgh, 
PA) was used to present stimuli and record reaction times. The task consisted of 12 blocks 
(Table 1). The task started with a practice block, followed by a random block and a block in 
which a second-order conditional (SOC) training and a control sequence of six positions of 
the stimulus were each presented four times (Jiménez-Fernández et al., 2011). The order 
of locations used in the training and the control sequence differed, but both sequences 
contained a SOC sequence. In blocks 4 to 10 the training sequence was repeated 10 
times. The control sequence was presented in block 11 and the task ended with a final 
block containing the training sequence. There were two indicators for implicit learning: 1) 
decreasing reaction times from block 4 to 10, and 2) an increase in reaction times between 
block 10 and 11. Consolidation was measured by comparing performance on the final 
block of the first day to the first block on the second day. Split-half reliability of this task 
was moderate: typical readers = .67, children with dyslexia = .70.
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Table 1 | Experimental design of the SRT task
Block Trials Order
1 9 Practice phase
2 48 Random without repetitions
3 48 4 training & 4 control sequences
4 – 10 420 Training sequence
11 60 Control sequence
12 60 Training sequence
Spatial implicit learning. A spatial contextual cueing (SCC) task was used to measure 
spatial implicit learning (a paradigm developed by Chun & Jiang, 1998). The stimuli were 
presented on a laptop with PsychoPy (Peirce, 2007). Children sat in front of the screen and 
rested their right hand middle and index finger on the left and right arrow of the key board. 
A target item (a letter T that was rotated 90 degrees to the left or the right) appeared. With 
each target item, 15 distractors were presented (a letter L) that were rotated 0, 90, 180 
or 270 degrees. Participants were instructed to press the corresponding arrow button as 
quickly and accurately as possible, to indicate whether the target item was rotated to the 
left or the right. The task consisted of a repeated and a random condition. The repeated 
condition consisted of spatial layouts that were initially generated randomly and then 
repeated once during each block, throughout the experiment. The random condition 
contained spatial layouts that were randomly generated for each block. The task consisted 
of 15 blocks, each containing 12 repeated and 12 random items. The order of random 
and repeated items was randomized within blocks. The locations of the distractors in 
the repeated condition was held constant, and thus predicted the location of the target 
item (but not its rotation). Learning was indicated by a decreasing reaction time for the 
repeated items over the 15 blocks. Split-half reliability of this task: typical readers = .66, 
children with dyslexia = .57.
Figure 1a | Example of the lay-out of the 
Serial reaction time task
Figure 1b | Example of the lay-out of the 
spatial contextual cueing task
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Reading Tasks
Reading measures Grade 5 and 6. Reading skill was measured with standardized word and 
pseudoword reading tasks (Verhoeven & Keuning, 2014). Cards one and two contained 
five rows of 30 CVC and 30 CCV (pseudo)words, respectively. The third and fourth card 
consisted of four rows of 30 two-syllable and 30 three- or four-syllable pseudo(words), 
respectively. Children were asked to read as many items on a card as possible in one 
minute, without making mistakes. To give equal weight to each card, the number of 
correctly read items was counted and converted to z-scores.  These scores were averaged 
across the four cards, resulting in one score for word and one for pseudoword reading. The 
reading test was administered at the end of each grade. The measure of growth was the 
increase in correctly read items from Grade 5 to Grade 6. Internal reliability was excellent: 
Cronbach’s alpha for the four word reading cards was .96, .95, .96, and .96, and for the 
pseudoword reading cards,.96, .96, .97, and .93, respectively (Verhoeven & Keuning, 2017).
Reading Measures during the reading intervention. During the reading intervention word 
and pseudoword reading were assessed with two standardized tests: the One Minute 
Test [Een Minuut Test] (Brus & Voeten, 1979) and the Klepel (Van den Bos, Lutje Spelberg, 
Scheepstra, & de Vries, 1994). Both tasks consisted of 112 CVC, CCV, two- and three-
syllable words or pseudowords. Children were asked to read as many items as possible 
in one (word reading task) or two minutes (pseudoword reading task) without making 
mistakes. Children’s scores were the number of items read correctly. EMT Rn reliability 
varies between .90-.94 and between .89-.94 for the Klepel. During the intervention, 
progress in reading skills was monitored four times. Mixed-models were used to model 
growth in word and pseudoword reading. The slope of these models was the measure of 
response to intervention. 
Procedure
The children with dyslexia had all followed a reading intervention that started in Grade 
2 and was completed in Grade 4. The intervention was phonics-based and consisted of 
50 individual sessions of 45 minutes with a clinician at the child’s school (Tilanus, Segers, 
& Verhoeven, 2016). In Grade 5, all children were tested individually in a quiet room at 
their school. The measure of non-verbal cognitive ability was assessed group-wise for the 
typical readers. The tests were administered in two consecutive 40-minute sessions. On 
day 1 the SRT and the SCC task were administered as well as the pseudoword reading task. 
On day 2 the SRT and SCC task were administered a second time to measure consolidation, 
as well as the word reading task. The duration of the SRT task and SCC task were about 
8-10 and 15 minutes, respectively. The reading tests were administered a second time at 
the end of Grade 6.
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Results
To answer the first question, accuracy and response speed on the implicit learning tasks 
and consolidation were examined in both groups. For all reaction time analyses inaccurate 
responses were removed. Because the reaction time data were skewed, median reaction 
times for each block were used. Reaction times per block for the sequential and spatial 
implicit learning task are shown in Figure 2 and 3.
Sequential learning
Accuracy on Day 1
Response accuracy did not differ between groups, t(67.55) = -0.19, p  = .85, d = 0.04, (Typical 
readers, M = 89.21%, SD = 12.53, Children with dyslexia, M = 89.65%, SD = 10.30). To ensure 
that the results for the reaction times were not unduly influenced by data from children who 
did not understood the task or were not motivated to complete it, we followed Hsu & Bishop 
(2014) in only including children for further analyses if they scored at least 70% correct. Two 
typical readers and five children with dyslexia scored below 70% correct on Day 1, and data 
from these children were therefore excluded from the analyses of reaction times. 
Reaction Times on Day 1
Changes in reaction times over the seven training blocks were taken as a measure of 
learning rate and were modeled using the lme4 package, version 1.1-7 (Bates, Maechler, 
Bolker, & Walker, 2014) in R (R Core Team, 2013), using a maximal random effects structure 
(Barr et al., 2013). Model fits were compared with the ‘anova’ function of the stats package. 
Linear, quadratic and cubic terms were added as fixed effects to model the shape of 
learning. The learning curve of the training phase (Block) was modelled, as well as the 
response increase between the final training block and the block containing the control 
sequence (Response increase). The final model on both days included Group, Block, a 
cubic term, Response increase, and the interactions between Block x Group and Response 
increase x Group as fixed effects, and a random intercept and random slopes. Results on 
Day 1 showed that children with dyslexia were significantly slower than typical readers in 
general, Estimate = 52.30, p =.03. There was also an effect of Block, Estimate = 12.45, p = 
.02, indicating that reaction times decreased over blocks for both groups. The interaction 
between Group and Block was not significant, Estimate = -2.97, p =.52. The increase in 
reaction time between the final training block and the control block was significant, 
Estimate = 28.48, p = .02, but did not differ between groups, Estimate = 9.72, p = .42.
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Accuracy on Day 2
Overall, accuracy on Day 2 did not differ significantly between groups, t(77.14) = 0.75, p = 
.46, d = 0.15, (Typical readers, M = 90.53%, SD = 14.39, Dyslexics, M = 88.40%, SD = 14.33). 
From the children who scored below 70% on Day 1, one typical reader and four children 
with dyslexia still scored below 70% correct on Day 2. In addition, two typical readers and 
four children with dyslexia now also scored below 70% correct and were removed from 
further reaction time analyses.
Reaction Times on Day 2
On Day 2 there was a significant effect of Group, Estimate = 48.77, p = .03), indicating 
that children with dyslexia were still slower than the typical readers in general. The effect 
of Block was also significant, Estimate = -176.59, p <.001), meaning that reaction times 
decreased over blocks. The interaction between Block and Group was not significant, 
Estimate = -1.15, p = .63. The response increase between the final training block and the 
control block was significant, Estimate = 47.73, p<.001, but did not differ between groups, 
Estimate = 6.64, p = .55.
Figure 2 | Average of median reaction times on the sequential learning task on Day 1 & 2. The error bars 
represent standard errors of the mean. 
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Overnight Consolidation
The effect of overnight consolidation was investigated by comparing reaction times of 
the final block on Day 1 (Block 12) to the first block of Day 2 (Block 4). The final model 
included a random intercept and Block and Group as fixed effects. Adding the interaction 
between Group x Block did not improve the model fit, χ2 (1) = 0.74, p = .39. Reaction times 
decreased between the final block on Day 1 and the first block on Day 2, Estimate = 40.74, 
p = .002. The children with dyslexia were slower overall than the typical readers, Estimate 
= 54.33, p = .002.
Spatial learning 
Accuracy on Day 1
On the spatial task, the groups did not differ significantly in their mean percentage correct 
trials, t(87.92) = 1.15, p = .25, d = 0.14, (Typical readers M = 85.56%, SD = 7.25, Children with 
dyslexia, M = 86.53%, SD = 6.67). Two children with dyslexia scored below 70%, and were 
not included in the reaction time analyses.
Reaction Times on Day 1
The final model on Day 1 and 2 for examining learning rate included Block, Group, 
Condition, the interaction Block x Condition and a quadratic term as fixed effects and 
a random intercept and random slopes. There was a significant effect of Block (Estimate 
= -79.50, p <.001), indicating that reaction times decreased over blocks for both groups. 
There was also a significant effect of Group (Estimate = 110.99, p = .04).  Overall, Children 
with dyslexia were significantly slower than typical readers. The effect of Condition was 
not significant (Repeated vs. Random = -20.25, p = .56), the random condition did not differ 
from the repeated condition. However, the interaction between Block and Condition was 
significant and showed that the learning rate for the random condition was slower than 
the learning rate for the repeated condition (Estimate = 9.70, p = .009). 
Accuracy on Day 2
None of the children scored below 70% correct. On Day 2, children with dyslexia (M = 94%, 
SD = 23.72) were still as accurate as the typical readers (M = 95%, SD = 20.76), t(96.38) = 
0.22, p = .10, d = 6.56. 
Reaction Times on Day 2
The significant effect of Block indicated that reaction times still decreased on Day 2 
(Estimate = -18.16, p = .02). The effect of Group was also significant on Day 2 (Estimate = 
143.68, p = .004), meaning that children with dyslexia still responded more slowly than 
typical readers. The effect of Condition was not significant (Repeated vs. Random = -30.74, 
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p = .17), but the interaction between Block and Condition was significant (Estimate = 
8.83, p <.001). The reaction times in the repeated condition still decreased more than the 
reaction times in the random condition.
Overnight Consolidation
The reaction times of the final block on Day 1 and the first block on Day 2 were compared 
as a measure of overnight consolidation. The final model included a random intercept and 
Block, Condition and Group as fixed effects. The main effects of Group, Block and Condition 
and the interactions between Group x Condition, and Block x Group x Condition were not 
significant. There was a significant interaction between Block x Condition, Estimate = 10.26, 
p =.04, showing that there was a larger decrease in reaction times for the repeated blocks.
Figure 3 | Average of median reaction times on the spatial learning task for the repeated and random conditions 
on Day 1 & 2. The error bars represent standard errors of the mean. 
Association of implicit learning with reading skills
To answer the second research question, the intercept and slope of the sequential and 
spatial learning task were related to reading skill. In this case, the intercept is considered 
to represent the overall performance speed on the task, whereas the slope is considered to 
represent learning (i.e., the decrease in reaction time over the training blocks). These two 
measures were related to three reading measures: 1) reading scores in Grade 5, 2) growth 
in reading skills from Grade 5 to Grade 6, and 3) response to intervention in children with 
dyslexia. On average, children with dyslexia still scored more than 2 standard deviations 
below the mean of the typical readers on all reading tasks (Table 2).
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Table 2 | Descriptives of raw scores on the word and pseudoword reading tests for typical readers (n = 39) and 
children with dyslexia (n = 74)
Typical readers Children with dyslexia
M SD M SD t d
Grade 5 Words 354.87 42.06 188.33 47.77 18.37** 3.70
Pseudowords 227.08 38.60 97.99 28.82 18.39** 3.79
Grade 6 Words 376.53 49.77 213.84 49.80 16.04** 3.27
Pseudowords 252.28 45.48 114.81 34.86 15.97** 3.39
**p <.001
First, the intercept of the sequential learning task significantly predicted word and 
pseudoword reading skills in Grade 5 (Table 3). The interactions with Group did not 
significantly add to the prediction of word (∆R2 = .001, p = .74) or pseudoword reading 
(∆R2 = .003, p = .45). 
With regard to the spatial learning task, neither the intercept nor the slope significantly 
predicted word (∆R2 = .01; intercept β = -.01, p = .83; slope β = -.07, p = .27) or pseudoword 
reading (∆R2 = .01; intercept β = -.02, p = .68; slope β = -.01, p = .90). 
Table 3 |  Regression analysis with SRT Intercept and Slope as predictors for reading in Grade 5
Words Grade 5 Pseudowords Grade 5
B SE β B SE β
Step 1
Group -1.78 .09 -.87** -2.86 .85 -1.41***
Step 2
SRT Intercept -.002 .001 -.19** -.002 .001 -.23**
SRT Slope -.088 .006 -.07 -.01 .01 -.06
Total R2 adj .77*** .80***
Note: words ∆R2 = .03, pseudowords ∆R2 = .02;***p <.001; **p <.01; *p <.05
Second, in addition to the strong autoregressive effect of reading in Grade 5 on reading in 
Grade 6, the SRT slope explained a small, but significant proportion of variance in reading 
scores (Table 4). The interactions with Group were not significant (words, ∆R2 = .24, p = .13, 
pseudowords, ∆R2 = .24, p = .81). For the spatial task, there were no significant effects on 
growth in word (∆R2 = .00; intercept, β = .02, p = .71; slope β = .06, p = .35) or pseudoword 
reading (∆R2 = .00; intercept, β = .03, p = .51; slope β = -.001, p = .99). 
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Table 4 | Regression analysis with SRT and SCC as predictors for reading in Grade 6
Words Grade 6 Pseudowords Grade 6
B SE β B SE β
Step 1
Group -.09 .11 .05 .14 .11 .04
Grade 5 .91 .05 .93*** .94 .06 .93***
Step 2
SRT Intercept -.00 .00 -.04 00 .00 .01
SRT Slope -.01 .003 -.09** -.008 .003 -.07**
Total R2 adj .94*** .94***
Note: words and pseudowords ∆R2 = .01; ***p <.001; **p <.01; *p <.05
Association of implicit learning with response to intervention
With respect to the third question, retrospectively, a significant association was found 
between growth in pseudowords reading during the intervention and sequential implicit 
learning as reflected in the decrease in reaction times on the SRT task, r = -.24, p <.05. 
Children with more growth in pseudoword reading during the intervention also had a 
faster learning rate on the sequential learning task.
Table 5 | Pearson correlations between reading measures and procedural learning (SRT/SCC) for typical readers (n = 
38; above the diagonal) and children with dyslexia (n = 74; below the diagonal).
1 2 3 4 5 6 7 8
1.SRT Intercept - -.09 .49** .23 -.38* -.31 -.15 -.17
2.SRT Slope -.59** - .08 -.18 .19 .12 -.10 .04
3.SCC Intercept .25** -.04 - .34* -.31 -.29 -.10 -.04
4.SCC Slope .09 -.13 .46** - -.42** -.27 -.22 -.23
5. Grade 5 words -.26* -.06 -.12 -.04 - .84** .81** .84**
6. Grade 5 pseudowords -.25* -.04 -.16 .14 .75* - .67** .86**
7. Grade 6 Words -.24* -.004 -.09 -.004 .90** .71** - .81**
8. Grade 6 Pseudowords -.21 -.14 -.12 .16 .66** .88** .75** -
**p <.01; *p <.05
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Discussion
In this study, we first examined how children with dyslexia performed on a sequential 
and a spatial implicit learning task, compared to typical readers. We found no significant 
differences in learning rate on the sequential or spatial task in children with dyslexia and 
typical readers, in line with more recent literature (Schmalz, Altoè, & Mulatti, 2017; Staels 
& Van den Broeck, 2017; Vakil et al., 2013). However, the standardized mean difference 
effect size of 0.33, CI [-0.06, 0.72], for the sequential implicit learning task, was in the same 
direction as in the meta-analysis by Lum et al. (2013). As argued by Lum et al. (2013) the 
number of trials, sequence complexity or age may be factors that possibly account for 
differences between studies. Even though accuracy and learning rate did not differ from 
typical readers in our study, children with dyslexia did overall respond more slowly on both 
tasks. Based on these implicit learning tasks it is unclear what causes these slower reaction 
times (e.g., processing speed, memory retrieval or a slower motor response). However, 
previous research has shown that children with dyslexia are also slower in lexical retrieval, 
often measured with rapid naming tasks (Norton & Wolf, 2010), and retrieval of facts (De 
Smedt, Taylor, Archibald, & Ansari, 2010).
Second, we examined whether performance on the implicit learning tasks predicted 
reading performance. In line with previous findings, overall reaction time on the 
sequential task for both children with dyslexia and typical readers correlated with 
reading skill (Howard et al., 2006). The current study adds to this that sequential implicit 
learning was found to contribute to development of reading skills: over and above the 
strong autoregressive effect of reading in Grade 5, reading in Grade 6 was predicted by 
sequential, but not spatial, implicit learning rate. How quickly children were able to learn 
implicit sequential information related to their growth in reading skills, both in children 
with dyslexia and typical readers. 
Despite the fact that implicit learning was measured about a year after children with 
dyslexia had completed the intervention, it still correlated with growth in pseudoword, 
but not word, reading skills during the intervention. Children who showed more growth 
in pseudoword reading during the intervention were faster learners on the sequential 
implicit learning task. A possible explanation would be that there was more to gain in 
pseudoword reading than in word reading skills and therefore implicit learning skills 
were only related to pseudoword reading skills. However, this was not the case in the 
current sample. Children showed even more growth in word reading than in pseudoword 
reading skills. Another explanation would be that because children had never seen the 
pseudowords before and had to apply rules for grapheme-phoneme mappings (i.e., 
reading via the indirect route), computation of phonology for these novel words and 
forming new orthographic representations might depend more on implicit learning skills 
than word recognition (see Hedenius et al., 2013a).
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Furthermore, in line with the two previous studies that examined overnight improvements 
due to memory consolidation of sequential implicit learning (Hedenius et al., 2013; 
Henderson & Warmington, 2017), we found no differences in overnight consolidation 
between children with dyslexia and typical readers. According to Robertson et al. (2004) 
overnight consolidation is not specific to sequence learning, but may also extend to other 
types of implicit learning. In our study this was shown by a consolidation effect for the 
spatial learning task in both typical readers and children with dyslexia. 
Future research should examine the association between implicit learning and response to 
intervention prospectively, rather than retrospectively, and focus on the issue of domain-
general vs. domain-specific aspects of implicit learning by incorporating phonological 
information in the implicit learning task. 
In conclusion, no differences were found in how well or how quickly 11-year-old children 
with dyslexia and typical readers learned on sequential or spatial implicit learning tasks. 
Implicit learning, however, did predict reading development from Grade 5 to Grade 6, both 
in children with dyslexia and in typical readers, and predicted response to intervention in 
children with dyslexia.
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The first aim of this dissertation was to examine word reading development in children 
with dyslexia in the years following completion of a phonics-based reading intervention. 
The second aim was to gain more insight into the underlying reading and learning 
processes in children with dyslexia in the upper grades of primary school. This was done 
by investigating whether individual differences in initial reading and reading-related 
precursor measures contributed to reading development in the upper primary grades 
and by experimentally testing reading and learning processes in children with dyslexia. In 
the following chapter, the results of the four studies presented in this dissertation will be 
discussed, followed by limitations and suggestions for future research and implications 
for educational practice. 
Long-term reading outcomes after intervention
In all studies presented in this dissertation, post-intervention reading skills of children 
with dyslexia were compared to those of typically reading children of the same age. 
Word and pseudoword reading skills were assessed at the beginning and end of Grade 
5 and at the end of Grade 6. As can been seen in Chapter 3, at all three time-points in 
grades 5 and 6, children with dyslexia were behind on typical readers on word and 
pseudoword reading measures. At the end of Grade 5, they still scored more than 
two standard deviations below the average of typically reading children on word and 
pseudoword reading efficiency measures. This is in line with results found directly after 
treatment in previous intervention studies in opaque (Morris et al., 2012; Torgesen, 2001) 
and transparent orthographies (Gonzalez et al., 2015; Tilanus, Segers, & Verhoeven, 2016), 
which found that children with dyslexia do not catch up with typical reading peers in 
reading efficiency. However, previous studies did find that during intervention children 
with dyslexia do seem to be able to keep up with typical readers in growth in reading 
skills (Galuschka, Ise, Krick, & Schulte-Körne, 2014; Gonzalez et al., 2015; Morris et al., 2012; 
Tilanus, Segers, & Verhoeven, 2016). Although interventions have found to be to some 
extent effective in improving reading efficiency skills, the word reading difficulties are 
persistent and children with dyslexia do not catch up with typical readers. 
In Chapter 3, is was furthermore shown that, even after intervention, children with 
dyslexia also scored lower on reading accuracy measures than typical readers. There was 
substantial variance in accuracy of pseudoword reading skills (see Figure 2 in Chapter 
3). At the end of Grade 6 the accuracy scores of children with dyslexia on pseudoword 
reading ranged from 52% to 95% correct compared to 63-99% for typical readers. In 
the group of typical readers, only 7 children scored below 80% correct on pseudoword 
reading, whereas the variance in pseudoword reading accuracy scores was much larger 
for the children with dyslexia. Regarding their word reading accuracy, scores varied 
between 68% and 97% correct, compared to 85-100% for typical readers, and there was 
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still little overlap in word reading accuracy scores of children with dyslexia and typical 
readers. It is important to note that the reading intervention children with dyslexia had 
received prior to the start of the longitudinal study presented in this dissertation focused 
on training of grapheme-phoneme mappings, including repeated reading of single 
words and texts (see Tilanus, Segers, & Verhoeven, 2016). Despite the focus on grapheme-
phoneme mappings, children with dyslexia did not obtain word or pseudoword reading 
accuracy levels comparable to typical readers. Several researchers have suggested that 
dyslexia in transparent orthographies is more a matter of speed than of accuracy (Serrano 
& Defior, 2008; Wimmer, Marynger, & Landerl, 2000). However, even though children with 
dyslexia were even more behind in reading efficiency, it deserves attention that they were 
behind on reading accuracy as well. 
An important aspect of this dissertation was not to just examine reading at a single time 
point, but to look into the growth in reading skills in children with dyslexia. Their word 
reading development was monitored both during and after the reading intervention. 
Initial reading levels and growth in reading skills during intervention were related to 
long-term outcomes after intervention. It was shown in Chapters 2 and 3 that lower initial 
reading scores were associated with less growth in reading skills, both during and after 
the intervention. This suggests that the more severe reading problems are, the more 
difficult they are to remediate. After the intervention, the growth in reading skills of 
children with dyslexia differed from typical readers in two ways: in the pattern of growth 
and in the amount of growth. In typical reading development, beginning readers show 
rapid growth in reading skills and in the final grades this growth in reading skills levels off 
(Catts, Bridges, Little, & Tomblin, 2008; Parilla et al., 2005). This leveling off was visible in 
the growth trajectories of typical readers, but not yet in those of children with dyslexia. 
Contrary to typical readers, children with dyslexia still showed linear growth in both word 
recognition and phonological recoding. Moreover, in Chapter 3 it was found that children 
with dyslexia showed less growth in reading skills than typical readers in the final grades 
of primary school. Previous intervention studies that reported long-term effects did 
find that intervention effects seem to sustain over time, but these effects are small and 
differences in reading skills compared to typical readers remain (Wolff, 2011). Importantly, 
as was shown in Chapter 3, the gap in reading skill between children with and without 
dyslexia continues to increase over time. 
With respect to the first aim, it can therefore be concluded that although children with 
dyslexia did show growth in reading skills, the intervention was insufficient for children 
with dyslexia to keep up this growth with typically reading peers in the long-term. Despite 
the previously completed intervention, there was large variance in reading accuracy skills 
and the children with dyslexia kept struggling with reading efficiency. Not only were they 
still behind on reading accuracy and efficiency, the linear growth trajectory of children 
with dyslexia demonstrated in this dissertation can be interpreted as evidence of this 
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group being behind on typical readers on their word reading development. However, due 
to a lack of longitudinal studies following the word reading development of children with 
dyslexia it is still an outstanding question whether growth trajectories would eventually 
resemble those of typically reading children. 
Underlying deficits
The second aim of this dissertation was to investigate underlying reading and learning 
processes in relation to post-intervention reading development. Underlying reading 
processes were tested in a priming experiment, presented in Chapter 4. We found 
enhanced semantic involvement during reading in the children with dyslexia, but no 
differences in late phonological processing compared to typical readers. This stronger 
semantic priming effect was argued to reflect compensatory mechanisms for more 
effortful phonological processing (Hennessey, Deadman, & Williams, 2012). Evidence for 
more effortful phonological processing was not directly found in the study presented in 
Chapter 4, but in line with previous studies, reading times of the children with dyslexia 
were more affected by variations in word length and word frequency than those of 
typical readers. Larger increases in word reading times as length increases and frequency 
decreases can be seen as an indication of having built up less lexical knowledge than 
readers who are less affected by variations in length and frequency (De Luca, Borrelli, 
Judica, Spinelli, & Zoccolotti, 2002; Zoccolotti et al., 1999). These readers rely more on 
sublexial reading and are therefore slower in reading longer and lower frequent words. 
Importantly, in Chapter 3 a smaller lexicality effect was evidenced in reading efficiency 
in children with dyslexia than in typical readers. This smaller lexicality effect may reflect 
differences in processing during reading. As readers build up word-specific orthographic 
knowledge in the lexicon, they become able to process whole-word forms in parallel. 
Consequently, the difference between the number of words and pseudowords that can 
be read increases with reading development. When that difference becomes smaller it is 
often interpreted as a sign that children have more problems processing whole-words in 
parallel and rely more on serial recoding of words (Caravolas, 2017; Zoccolotti et al., 2005). 
Finally, different precursor measures explained variance in reading skills in children with 
dyslexia and typical readers (Chapter 3). Importantly, phonological awareness skill did not 
predict individual differences in reading skill in children with dyslexia, while this was the 
case for typical readers. These findings together show that in the upper primary grades, 
reading skills of children with dyslexia differ substantially from that of typical readers of 
the same age in how words are processed and what cognitive precursors contribute to 
efficient reading skills.  
In addition to examining underlying reading processes, two possible underlying 
impairments for dyslexia were considered: a domain specific phonological deficit 
and domain general implicit learning deficit. Evidence for underlying phonological 
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impairments was reflected in Chapter 3 in significantly poorer performance of children 
with dyslexia on tasks measuring phonological awareness and other precursor measures 
for reading such as verbal working memory and rapid naming. Another finding 
confirming the presence of underlying phonological difficulties were the problems with 
accurate phonological recoding shown in Chapter 3, suggesting that the children still 
struggled with either storage (Elbro & Jensen, 2005) or retrieval (Ramus & Szenkovits, 
2008) of underlying phonological representations at the end of primary school. In the 
study in Chapter 2, phonological recoding was also found in the study in Chapter 2 to 
be the best indicator of the severity of the reading deficit. However, it should be noted 
that the findings on phonological impairments in the present dissertation do not rule 
out the possibility of other or additional impairments as underlying causes for dyslexia. 
One of these alternative theories as cause for reading difficulties that was investigated is 
discussed next. 
In the study presented in Chapter 5, the possibility of an implicit learning impairment 
in children with dyslexia was examined, as is hypothesized within the cerebellar theory 
(Nicolson & Fawcett, 1999, 2010; Nicolson, Fawcett, Brookes, & Needle, 2010). In Chapter 
5, it was shown that in line with more recent findings by, for instance, Henderson and 
Warmington (2017), Staels and Van den Broeck (2017) and Vakil et al. (2013) children with 
dyslexia did not differ from typical readers in how well or how quickly they were able to 
learn implicit sequential patterns. The results of the present dissertation do not provide 
evidence for a more general deficit in underlying implicit learning skills in children with 
dyslexia. Adding to previous literature, it was shown that poorer implicit learning skills 
were related to less growth in reading skills, but there was, again, no evidence that this was 
specific for children with dyslexia. The present results do shed more light on the relation 
between implicit learning and reading. Learning rate was related to individual differences 
in reading development in children with dyslexia as well as in typical readers. Although 
the contribution was small in comparison to the very strong autoregressive effect of 
previous reading skills, children with better implicit learning skills showed more growth 
in reading skills in the upper primary grades. This was limited to sequential, compared to 
spatial, implicit learning. The results thus indicated that being better or being poorer in 
sequential implicit learning might have consequences for learning to read, but there was 
no evidence of this being a deficit specific for children with dyslexia. 
With respect to the second aim, the results in the present dissertation underline the 
persisting presence of underlying phonological deficiencies in children with dyslexia. 
Phonological deficiencies were still visible in the upper primary grades, even after intensive 
phonological training. Children with dyslexia differed from typical readers in underlying 
reading processes, as was visible in word length, word frequency, lexicality effects, and 
semantic involvement during reading. No proof was found for sequential implicit learning 
deficiencies in this group, but this does not rule out that other factors besides phonological 
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deficits lead to the reading problems associated with dyslexia. The sequential implicit 
learning experiment in Chapter 5 showed that sequential implicit learning has a small, 
but significant contribution to growth in decoding skills. While the results presented in 
this dissertation supported the presence of domain specific phonological difficulties, they 
do not support the idea that these difficulties originate from domain general deficient 
sequential implicit learning. 
The persistency of the reading problem 
Many attempts have been undertaken to remediate reading difficulties in children 
with dyslexia, but it becomes more and more apparent that whether interventions are 
conducted early in reading development or after diagnosis of dyslexia it is very difficult to 
achieve long lasting effects and challenges remain to help children with dyslexia to keep 
up in the long-term (Suggate, 2016). Little research had focused on growth in word reading 
skills in the upper primary grades, and even less had focused on growth in reading skills in 
children with dyslexia. In previous studies either specific effects of reading interventions 
for children with dyslexia had been investigated (Galuschka et al., 2014; Snowling & 
Hulme, 2011) or the reading development of this group had been studied longitudinally 
in primary school between first and final grades of primary school (Dandache, Wouters, 
& Ghesquière 2014; Eklund, Torppa, Aro, Leppänen, & Lyytinen, 2015), not taking into 
account that most children had received an intervention somewhere during this time. This 
dissertation separated the growth in reading skills in the intermediate and upper primary 
grades during and after intervention. When we zoomed in on the reading development 
after intervention in the first part of this dissertation it became clear that the gap with 
typical readers in word reading skills increases in the upper primary grades, even though 
development of word reading efficiency skills of typical readers starts to level off. The 
fact that children with dyslexia at the end of Grade 6 were still more than two standard 
deviations behind on typical readers proves how persistent reading problems associated 
with dyslexia can be. These persistent difficulties were visible in gaps with typical readers 
in reading accuracy and efficiency and in the growth in reading skills in these upper 
primary grades. 
What was shown in the second part of the dissertation is that persistent reading difficulties 
are not just visible in less accurate and efficient reading than typically reading peers, but 
there are also apparent differences when looking into reading processes in children with 
dyslexia and typical readers at this stage of reading development. Children with dyslexia 
still experienced phonological deficiencies and showed more serial processing, as 
reflected by larger length and frequency effects and a smaller lexicality effect compared 
to typical readers. Despite intensive phonological training and extensive practice of word 
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and text reading, problems persist in underlying cognitive and reading processes.
However, as pointed out in Chapter 3, there are also large differences within the group 
of children with dyslexia. Problems that some children struggle with might not be the 
same for all children with dyslexia, and consequently, support that could help some might 
not help others. The studies in all four chapters, therefore, not only compared groups of 
children with and without dyslexia, but also looked into individual differences within the 
group of children with dyslexia. The studies presented in this dissertation emphasize why 
it is important not to just compare groups of children with dyslexia and typically reading 
children, but to also focus on individual differences in reading skill within groups. Children 
with dyslexia form a very heterogeneous group (Pennington, 2006), which stipulates the 
need to pay attention to individual differences in reading and reading related skills and 
comorbid deficits they might show. In chapters 4 and 5, for instance, it was shown that 
individual differences in semantic activation during reading and individual differences 
in implicit learning skills, respectively, are related to reading skills. Finally, as presented 
in Chapter 3, there are children with dyslexia who not only show very effortful and slow 
reading, but struggle with accurate reading as well. The fact that typical readers and even 
poor readers reach high levels of accuracy very early in reading development (Verhoeven 
& van Leeuwe, 2009; Landerl & Wimmer, 2008, Zoccolotti et al., 1999) can make it difficult 
to always take reading accuracy measures into account, but this could provide important 
information about differences in underlying problems in readers with dyslexia. This does 
not mean that reading accuracy should receive more attention than reading fluency 
measures. Word reading fluency still best discriminates between poor and good readers, 
especially in transparent orthographies (de Jong & van der Leij, 2003; Torgesen, 2000), and 
is most difficult to remediate during intervention (Scheltinga, van der Leij, & Struiksma, 
2010; Snowling & Hulme, 2011; Tilanus, Segers, & Verhoeven, 2016; Torgesen, 2000).
To summarize the findings for the two aims, in the final years of primary school the 
children with dyslexia that were part of the studies presented in this dissertation still 
showed problems with reading at the word level. The persistency of the reading deficit 
has become clear both in reading development and its underlying processes. Although 
children with dyslexia in our study received well founded, evidence-based interventions 
that have been shown to improve reading skills, in the long-term these intervention have 
not been able to give children with dyslexia such an extra impulse that they are able to 
keep a growth rate in reading that is on par with their typically reading peers. 
Limitations and future directions 
Of course several limitations apply to the present study. A first limitation is the fact that it 
was not possible to include a control group of children with dyslexia receiving either no 
or another type of intervention. It is therefore not possible to draw conclusions about the 
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effect of this type of intervention on subsequent growth in reading skills. However, many 
previous studies have shown that interventions do improve reading skills in children 
with dyslexia (Snowling & Hulme, 2011) and that phonics instruction or a combination of 
phonics instruction with training of reading strategies, morphology or vocabulary works 
better than other approaches (Galuschka et al., 2016; Lovett, Barron, & Frijters, 2013, Morris 
et al., 2012). During intervention, children with dyslexia appear to be able to keep up with 
typical readers in terms of growth (Gonzalez et al., 2015; Morris et al., 2012; Tilanus et al., 
2016). The present dissertation adds to this that regardless of specific intervention effects, 
children with higher reading scores before intervention end up with higher word reading 
scores in the long term. They also seem to rely more strongly on semantic processing 
during reading and are not catching up with typical readers in the final grades of primary 
school. Future research could look into specific intervention effects and improvements 
that could be made to optimize (long-term) effects of reading interventions for children 
with dyslexia. 
Second, spelling ability is part of the diagnostic procedure and the intervention, but 
this measure was not highlighted in the current dissertation. Reading and spelling have 
a common genetic basis (Bates et al., 2007) and many children with reading problems 
develop problems with spelling (Bourassa & Treiman, 2003). As in reading, spelling 
requires knowledge of grapheme-phoneme correspondences. Children also need to 
learn how to apply rules and strategies to come to the correct spelling of words. Future 
research following spelling development, and the number and types of errors made by 
children with dyslexia can provide more information about underlying problems. 
Finally, in our behavioural data differences in word reading processes were evidenced 
in children with dyslexia and typical readers. However, more research is needed to 
further disentangle exactly how reading processes differ from typical readers and how 
this develops during the course of reading development. Neuroimaging data could add 
to the behavioural data in giving more insight in brain processes during reading, both 
before and after intervention (Meyler, Keller, Cherkassky, Gabrieli, & Just, 2008; Odegard 
et al., 2008). Previous studies showed differences in brain activation in children with 
dyslexia compared to typical readers (Odegard et al., 2008; Pugh et al., 2000; Richlan, 
Kronbichler, & Wimmer, 2011; Simos et al., 2007). Moreover, brain activation of children 
with dyslexia during phonological processing predicts reading gains over 2,5 years (Hoeft 
et al., 2011). Changes in brain activation during reading after intervention could reveal if 
better response to intervention is related to normalization compared to typical readers 
(e.g., brain activity is more similar to that of typical readers than before intervention) 
or whether it is associated with better compensatory mechanisms (e.g., more right 
hemisphere compensation, Hoeft et al., 2011).  
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Implications for educational and clinical practice 
The results presented in this thesis include several findings that provide important 
information for educational and clinical practice. To begin with, the difficulties with 
accurate phonological recoding in children with dyslexia keep deserving attention in 
educational practice. Even after an intensive intervention of 50-sessions focusing on 
explicit phonics instruction, children with dyslexia do not show ceiling levels for word 
reading accuracy comparable to typical readers and score on average below 80% correct 
on pseudoword reading accuracy. While the difference with typical readers might be 
larger on reading efficiency measures, the difficulties children with dyslexia experience 
with accurate pseudoword reading should not be ignored. Even if this pattern only 
surfaces under time constraints as an effect of using speeded reading measures, it is still 
a sign that not all children are able to form adequate representations or are capable of 
fast integration of grapheme-phoneme correspondences (Blomert, 2011). In educational 
practice, reading development is monitored with word reading efficiency measures, but 
the studies in the present dissertation emphasize the importance of monitoring and 
training of phonological recoding skills as well. As shown by Ricketts, Bishop, Pimperton, 
and Nation (2011) and Cunningham, Perry, Stanovich, and Share (2002) phonological 
recoding is important for orthographic learning. According to the self-teaching 
framework (Share, 1995) it can even be considered as the essential first step for forming 
detailed orthographic representations, and hence, for developing fast word recognition. 
In Chapter 2, it was furthermore found that phonological recoding skills best predicted 
individual differences in growth during intervention and indirectly individual differences 
in long-term word recognition skill. This emphasizes the need for early detection of poor 
phonological recoding skills. While typical readers become accurate very early in reading 
development, it might help to detect poor readers when (pseudoword) reading accuracy 
measures are monitored as well. 
Second, there is the small but significant increasing gap between children with dyslexia 
in typical readers in the upper primary grades. Even though growth modeling showed 
that growth trajectories of typical readers in Grade 5 and 6 started to level off, they still 
showed small but significantly more growth in reading efficiency measures than children 
with dyslexia. Unlike typical readers, growth trajectories were still linear in children 
with dyslexia, suggesting that they have not yet reached ceiling levels of word reading 
efficiency skills in grades 5 and 6. These findings emphasize the importance of paying 
attention to the word reading skills in children with dyslexia at the end of primary 
school. For most children, little or no extra remediating help is offered after the phonics 
interventions. It has been argued before that there is need for earlier detection of reading 
difficulties and earlier intervention (Snowling, 2013), but the findings in this dissertation 
show that attention should also be given to ongoing needs after intervention. Especially 
since children in the upper primary grades shift from learning to read to reading to learn. 
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Nederlandse samenvatting 
In dit proefschrift is de leesontwikkeling gevolgd van 80 kinderen met dyslexie in groep 
7 en 8, nadat zij een dyslexiebehandeling hadden afgerond. Hun leesontwikkeling is 
vergeleken met die van 92 typisch lezende kinderen van dezelfde leeftijd in het regulier 
basisonderwijs. Er zijn twee hoofddoelen geformuleerd: ten eerste is onderzocht 
hoe kinderen met dyslexie zich ontwikkelen in het technisch lezen van woorden en 
pseudowoorden na afronding van hun dyslexiebehandeling. Er is onderzocht hoe 
factoren als de ernst van het leesprobleem en de groei die gemaakt wordt tijdens 
de behandeling bijdragen aan het leesniveau op lange-termijn. Ten tweede zijn 
onderliggende vaardigheden van lezen en leren onderzocht in deze groep kinderen met 
dyslexie. Dit tweede hoofddoel is op twee verschillende manieren onderzocht. Allereerst 
is onderzocht hoe leesvaardigheden bij de diagnostiek en cognitieve en linguïstische 
voorspellers bijdragen aan de ontwikkeling van het technisch lezen in de laatste twee 
jaar van de basisschool. Ten slotte zijn lees- en leerprocessen van de kinderen onderzocht 
in twee experimentele studies. Hieronder zullen de resultaten van de vier studies die 
onderdeel zijn van dit proefschrift worden besproken. Vervolgens worden implicaties 
voor de praktijk belicht. 
Lange-termijn ontwikkeling na de dyslexiebehandeling
In de verschillende studies die gepresenteerd worden in dit proefschrift zijn de 
leesvaardigheden van kinderen met dyslexie vergeleken met de leesvaardigheden van 
leeftijdsgenoten zonder dyslexie. Hun vaardigheden in de snelheid van het lezen van 
woorden en pseudowoorden (het aantal juist gelezen woorden of pseudowoorden in 1 
minuut) zijn gemeten aan het begin en eind van groep 7 en het einde van groep 8. Naast 
het lezen van woorden is op elk moment ook het lezen van pseudowoorden gemeten. 
Pseudowoorden zijn woorden die niet voorkomen in de Nederlandse taal, maar wel de 
taal- en spellingregels volgen. Op deze manier kunnen de decodeervaardigheden (het 
maken van de klank-teken-koppeling) worden gemeten. Alle kinderen met dyslexie 
hadden in groep 6 hun dyslexiebehandeling afgerond. Uit de resultaten gepresenteerd 
in hoofdstuk 2 bleek dat kinderen met dyslexie op alle meetmomenten in groep 7 en 
8 meer dan 2 standaarddeviaties van het gemiddelde van de typische lezers scoorden. 
Hieruit bleek dat de leesproblemen van kinderen met dyslexie zeer hardnekkig kunnen 
zijn, en zij na behandeling gemiddeld de achterstand ten opzichte van typische lezers niet 
in hebben gehaald. 
In de studie gepresenteerd in hoofdstuk 3 wordt daarnaast aangetoond dat de kinderen 
met dyslexie niet alleen lager scoren dan typische lezers in de snelheid van het lezen, 
maar ook in de accuraatheid van het lezen van zowel woorden als pseudowoorden. Zoals 
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te zien in Figuur 2 in hoofdstuk 3 is er grote variantie in accuratesse van het lezen van 
woorden en pseudowoorden binnen de groep kinderen met dyslexie. Aan het einde van 
groep 8 varieerden de accuratesse van het lezen van pseudowoorden bij de kinderen met 
dyslexie tussen 52 en 95% correct, vergeleken met 63-99% correct bij de typische lezers. 
Echter, in de groep van typische lezers scoorden slechts 7 kinderen lager dan 80% correct, 
terwijl de variantie in scores veel groter was bij de kinderen met dyslexie. Ook wat betreft 
het lezen van bestaande woorden was de variantie in accuratesse groter bij de kinderen 
met dyslexie (68-97%) dan voor de typische lezers (85-100%). En er was weinig overlap in 
scores tussen beide groepen. Ondanks de focus op het leren van klank-teken-koppeling 
tijdens de dyslexiebehandeling scoorden kinderen met dyslexie niet op hetzelfde niveau 
als typische lezers in het accuraat kunnen lezen van woorden of pseudowoorden. Hoewel 
de achterstand ten opzichte van typische lezers groter was in de snelheid van het lezen, 
waren de kinderen met dyslexie ook minder goed in het accuraat lezen. 
Een belangrijk onderdeel van dit proefschrift was het onderzoeken van de groei in het 
lezen van kinderen met dyslexie. De leesontwikkeling van kinderen met dyslexie was 
gevolgd zowel tijdens als na de dyslexiebehandeling. Het leesniveau bij aanvang van 
de behandeling en groei in leesniveau tijdens de behandeling werd gerelateerd aan de 
leesscores op lange termijn na behandeling. In Hoofdstuk 2 en 3 is aangetoond dat lagere 
leesscores bij aanvang van de behandeling geassocieerd zijn aan minder groei zowel 
tijdens als na de dyslexiebehandeling. Dit suggereert dat hoe ernstiger het leesprobleem 
is bij aanvang van de behandeling, hoe moeilijker het is om de leesproblemen te 
remediëren. 
Na de behandeling verschilde de groei in het technisch lezen van de kinderen met dyslexie 
van die van typische lezers op twee manieren: het patroon waarin zij groeiden, en de 
hoeveelheid groei. De groei in leesvaardigheden van de typische lezers nam af aan het 
einde van de basisschool, terwijl dit nog niet het geval was bij de kinderen met dyslexie. De 
kinderen met dyslexie lieten nog altijd lineaire groei zien in zowel het lezen van woorden 
als pseudowoorden, terwijl dit patroon voor typische lezers kwadratisch was. Daarnaast 
werd in hoofdstuk 3 aangetoond dat kinderen met dyslexie ook minder groei lieten zien in 
het lezen ten opzichte van de typische lezers. De afstand tussen kinderen met en zonder 
dyslexie nam nog steeds toe, ook na de afronding van een dyslexiebehandeling, al was 
dit verschil in groei zeer klein. 
Wat betreft het eerste doel van het proefschrift kan dus geconcludeerd worden dat 
kinderen met dyslexie ook na een dyslexiebehandeling hun leeftijdsgenoten zonder 
dyslexie niet bijhouden in de groei in leessnelheid aan het einde van de basisschool. Ook 
is de grote variatie in accuratesse binnen de groep met kinderen met dyslexie opmerkelijk, 
al hadden zij wel nog steeds meer moeite met de snelheid van het lezen dan hun typisch 
lezende leeftijdsgenoten. 
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Onderliggende problemen 
Het tweede doel van dit proefschrift was het onderzoeken van onderliggende lees- 
en leerprocessen van de kinderen met dyslexie. In hoofdstuk 4 zijn onderliggende 
leesprocessen getest in een priming experiment. In hoofdstuk 4 is onderzocht of 
kinderen met dyslexie compenseren voor hun problemen met fonologische verwerking 
door meer te vertrouwen op semantische informatie bij het lezen. Uit de resultaten 
bleek dat kinderen met dyslexie sterkere effecten voor semantische priming lieten zien 
dan de typische lezers, en dat beide groepen niet verschilden in de reactiesnelheid na 
het zien van een fonologische prime. Ook vertraagden kinderen met dyslexie meer 
naarmate woordlengte toenam en de woordfrequentie afnam. Individuele verschillen in 
leesniveau waren gerelateerd aan de grootte van het semantische priming effect voor 
de kinderen met dyslexie. Binnen deze groep waren hogere leesscores gerelateerd aan 
sterkere semantische priming effecten. Dit suggereert dat kinderen die meer kunnen 
compenseren met semantische activatie, betere technische leesvaardigheden hebben. 
In hoofdstuk 5 zijn verschillen in impliciet sequentieel en spatieel leren onderzocht bij 
kinderen met en zonder dyslexie. Dit is het verwerven van kennis of vaardigheden zonder 
dat bewust te proberen. Ook is onderzocht hoe de kinderen verschillen in consolidatie 
24 uur later en hoe het impliciet leren gerelateerd is aan de groei in leesvaardigheden 
in groep 7 en 8. Uit de resultaten bleek dat de snelheid van het sequentieel leren, en 
niet het spatieel leren, voorspelde hoe sterk de kinderen groeiden in leesvaardigheden in 
groep 7 en 8. Kinderen die sneller impliciet sequenties leerden groeiden ook meer in het 
lezen van woorden en pseudowoorden in groep 7 en 8. In het geval van de kinderen met 
dyslexie was het sequentieel leren ook gerelateerd aan de groei die zij maakten tijdens 
hun dyslexiebehandeling. Kinderen die sneller impliciete sequenties leerden lieten ook 
meer groei zien in het lezen van pseudowoorden tijdens hun dyslexiebehandeling tussen 
eind groep 4 en groep 6. Hoewel kinderen met dyslexie over het algemeen langzamer 
reageerden op de stimuli, verschilden zij niet van typische lezers in hoe snel of hoe 
accuraat zij waren in het sequentieel of spatieel impliciet leren. Ook verschilden zij niet 
in consolidatie 24 uur later. Beide groepen lieten consolidatie zien op beide impliciete 
leertaken. In deze studie werd geen bewijs gevonden van problemen met impliciet leren 
bij kinderen met dyslexie. Wel laat deze studie zien dat individuele verschillen in het 
impliciet leren bijdragen aan de groei in het technisch lezen. 
Wat betreft het tweede doel van het proefschrift kan worden geconcludeerd dat kinderen 
met dyslexie nog steeds verschilden van typische lezers in onderliggende leesprocessen, 
zoals zichtbaar werd in de sterkere effecten van woordlengte en woordfrequentie, grotere 
verschillen in woord- en pseudowoordleesvaardigheden en semantische compensatie 
tijdens het lezen. Wat betreft leerprocessen werd wel gevonden dat het sequentieel 
impliciet leren bijdraagt aan de groei in het technisch lezen, maar kinderen met dyslexie 
laten geen specifieke tekorten zien in het sequentieel impliciet leren. 
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Conclusies 
Uit de resultaten van de studies in dit proefschrift kan geconcludeerd worden dat ook 
na het voltooien van een dyslexiebehandeling kinderen met dyslexie moeite blijven 
houden om typische lezers van dezelfde leeftijd bij te houden in groei in het lezen van 
woorden en pseudowoorden. Zij lazen gemiddeld nog steeds minder accuraat en minder 
snel. Ook groeiden zij langzamer in hun technische leesvaardigheid. In hoofdstuk 4 en 
5 werd vervolgens duidelijk dat de kinderen met dyslexie nog steeds onderliggende 
fonologische problemen lieten zien en woorden vaker serieel verwerkten dan typische 
lezers. Dit blijkt uit sterkere vertraging wanneer woorden toenamen in lengte en afnamen 
in frequentie en uit het grotere lexicaliteitseffect (e.g. het verschil tussen het aantal 
woorden en pseudowoorden gelezen in 1 minuut) dan typische lezers.  
In dit proefschrift werd ook aandacht besteed aan de individuele verschillen tussen 
kinderen met dyslexie. In hoofdstuk 4 bleek dat individuele verschillen in semantische 
activatie tijdens het lezen van bestaande woorden gerelateerd is aan individuele verschillen 
in leesvaardigheid binnen de groep kinderen met dyslexie. Hoe meer de kinderen leken 
te compenseren, hoe beter hun leesvaardigheid. In hoofdstuk 5 bleek dat individuele 
verschillen in sequentieel impliciet leren voor zowel kinderen met als zonder dyslexie 
gerelateerd was aan de groei in het lezen. Hoe beter de impliciet leervaardigheden, hoe 
meer groei in technische leesvaardigheid. Ten slotte laten de resultaten in hoofdstuk 3 
zien dat er met name grote verschillen waren in het accuraat lezen binnen de groep van 
kinderen met dyslexie. Terwijl sommige kinderen zeer accuraat lazen, hadden sommige 
kinderen naast moeite met de leessnelheid ook nog steeds moeite met het accuraat lezen 
van woorden of pseudowoorden. Belangrijk is dat ook binnen de groep van kinderen met 
dyslexie grote verschillen bestonden in alle gemeten vaardigheden. De problemen met 
lezen of onderliggende vaardigheden zijn niet hetzelfde voor alle kinderen met dyslexie. 
Ook na behandeling blijft het voor kinderen met dyslexie moeilijk om typische lezers bij te 
houden in hun technische leesvaardigheid. Echter, de kinderen met dyslexie vormen ook 
een heterogene groep en wat werkt voor het ene kind werkt niet altijd voor alle kinderen. 
Daarom moet aandacht besteed blijven worden aan de individuele vaardigheden van de 
kinderen met dyslexie. 
Implicaties voor de praktijk
De resultaten van de studies in dit proefschrift kunnen op diverse manieren bijdragen 
aan de behandel- of onderwijspraktijk. Allereerst benadrukken de resultaten dat niet 
alleen problemen ondervonden worden met het snel kunnen lezen, maar ook met het 
accuraat kunnen lezen van woorden en pseudowoorden. Hoewel de achterstand ten 
opzichte van typische lezers groter is in het technisch lezen verdienen ook vaardigheden 
als het accuraat kunnen lezen nog steeds de aandacht. Het is daarom belangrijk dat in de 
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leesinstructie, de toetsing van leesvaardigheden en tijdens de dyslexiebehandeling de 
nadruk niet alleen ligt op het vlot kunnen lezen, maar ook op het accuraat kunnen lezen 
van losse woorden. De resultaten van hoofdstuk 2 lieten daarnaast zien dat het decoderen 
de groei in leesvaardigheden tijdens de behandeling en de woordleesvaardigheden op 
lange termijn voorspelde. Naast het monitoren van woordleesvaardigheden is het daarom 
ook belangrijk om het decoderen, gemeten met pseudowoord leestests, te volgen. Uit 
de resultaten bleek ook dat leesniveau bij aanvang van de dyslexiebehandeling de groei 
tijdens de behandeling voorspelt. Kinderen met een lager leesniveau bij aanvang van de 
dyslexiebehandeling hebben ook lagere leesscores op lange termijn. Echter, daarnaast 
voorspelde ook de groei die gemaakt werd tijdens de behandeling het leesniveau op 
lange termijn. Dit benadrukt het belang van vroege signalering van leesproblemen. 
Ten slotte werd aangetoond dat de problemen met het lezen van woorden en 
pseudowoorden zeer hardnekkig kunnen zijn en er ook na behandeling aandacht moet 
blijven voor de leesproblemen van kinderen met dyslexie. De afstand in technisch 
leesvaardigheden tussen typische lezers en kinderen met dyslexie werd aan het einde van 
de basisschool langzaam weer groter. Daarbij week de groei in technisch leesvaardigheden 
af van die van typische lezers. Bij typische lezers vlakt de groei in het technisch lezen 
langzaam af, maar dit is nog niet het geval bij kinderen met dyslexie. Ook na behandeling 
is het dus belangrijk kinderen met dyslexie ondersteuning te blijven bieden bij het lezen. 
Daarbij kan gedacht worden aan het aanbieden van compenserende middelen, het 
stimuleren van lezen, en het geven van extra ondersteuning. 
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